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braking device is obtained by subtracting an actual - 
regenerative braking force from the assigned braking 
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force. And, a boost ratio of the hydraulic braking device 
is controlled based on a target hydraulic braking force 
... which is. a sum of the minimum braking force and the 
distributive braking force. Thus, the braking force of the 
. hydraulic braking device is always utilized for attaining 
the target vehicle braking force. 
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BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a vehicle braking apparatus and a vehicle braking method for applying a 
braking force to a vehicle by summing a braking force of a hydraulic braking device and a braking force of an auxiliary 
braking device. 

[0002] Many of motor-driven vehicles, such as electric automotive vehicles and hybrid vehicles, have a regenerative 
braking device in addition to a hydraulic braking device to effectively utilize the limited energy. The braking force of the 
hydraulic braking device is referred to as "hydraulic braking force", while the braking force of the regenerative braking 
device is referred to as "regenerative braking force." This kind of motor-driven vehicles perform a cooperative control 
wherein the ratio of hydraulic braking force and the regenerative braking force is adequately determined to optimize the 
braking force applied to the vehicle as well as the storage of regenerative electric power. - - 

[0003] Fig. 23 shows a conventional hybrid vehicle which comprises a regeneration ECU 110 sending a drive 
request value to each of the following electronic control units (i.e., ECUs). A motor ECU 120 controls a motor 170 via 
an inverter 180 based on the drive request sent from the regeneration ECU 110. The motor 170 drives front wheels of 
this vehicle. A battery ECU 130 monitors a charging condition of a battery 190 equipped in this vehicle. A brake ECU 
140 performs a cooperative control for the regenerative braking device and the hydraulic braking device. The brake 
ECU 140 sends a control signal to a cooperative control valve system 150 to control the switching of this cooperative 
control valve system 1 50. A hydro booster system 1 60 generates a hydraulic broking force in response to a depression 
force applied on a brake pedal BP by a driver. 

[0004] According to this hybrid vehicle, when the brake pedal BP is depressed by the driver, the brake ECU 140 
calculates a target vehicle braking force corresponding to a depression amount of the brake pedal BR In this case, the 
target vehicle braking force of this hybrid vehicle is substantially equal to a target braking force of an ordinary vehicle 
having a hydraulic braking device only. Then, the brake ECU 1 40 calculates a regenerative braking force determined in 
accordance with the target vehicle braking force. The regenerative braking force obtained by the brake ECU 140 is 
transmitted to the regeneration ECU 1 1 0 as a requested regenerative braking force. The regeneration ECU 1 1 0 causes 
the motor ECU 120 to perform a regenerative control based on the requested regenerative braking force. Then, the 
regeneration ECU 1 1 0 detects an actual regenerative braking force generated by the motor 1 70. The regeneration ECU 
1 1 0 returns the detected actual regenerative braking force to the brake ECU 1 40 as a producible regenerative braking 
force. In response to this, the brake ECU 1 40 obtains a hydraulic braking force which is obtained by subtracting the pro- 
ducible regenerative braking force from the target vehicle braking force. Then; the brake ECU 140 obtains a target W/C- 
pressure corresponding to the hydraulic' braking force. Iri this description, W/C stands for "wheel cylinder." The brake 
ECU 1 40 controls the switching of the cooperative control valve system 1 50 so that a W/C pressure of each wheel is 
equalized to the target W/C pressure. "~ : : - * : ' ' * 

[0005] Fig. 24 shows a schematic arrangement of a hydraulic circuit of this hybrid vehicle. Like a general braking 
device, the hydro booster system 1 60 comprises a master cylinder (hereinafter, referred to as m WC m ) 1 61 generating a 
hydraulic pressure in accordance with a piston stroke, a hydraulic pump 1 63 supplying a pressurized oil, an accumula- 
tor 164 storing the pressurized oil supplied fromthe hydraulic pump 163, and a regulator 162 adjusting the pressurized 
oil supplied from the accumulator 164 to the same pressure level as that of the M/C 161 in proportion to a depression 
force applied on the brake pedal BR A reservoir 165 is provided to supply the oil to the hydraulic pump 1 63. 
[0006] The hydraulic pressure of the regulator 1 62 is transmitted to each W/C of front right, front left, rear right and 
rear left wheels via the cooperative control valve system 1 50. The cooperative control valve system 150 comprises a 
linear solenoid valve SLA which increases the hydraulic pressure and a linear solenoid valve SLR which decreases the 
hydraulic pressure. Each of the linear solenoid valves SLA and SLR is opened or closed in response to a control signal 
supplied from the brake ECU 140 to adjust the pressure level of each W/C. The downstream side of the cooperative 
control valve system 1 50 is bifurcated into a front oil passage 1 66 supplying the oil to the front right W/C and the front 
left W/C of the front wheels, and a rear oil passage 1 67 supplying the oil to the rear right W/C and the rear left W/C of 
the rear wheels. The front oil passage 166 comprises a switching solenoid valve SS which is usually kept open under 
supply of electric power. The downstream side of the switching solenoid valve SS is bifurcated into an oil passage 168 
supplying the oil to the v frbht left W/C of the front left wheel and an oil passage 1 69 supplying the oil to the front right 
W/C of the front right wheel. Each of the bifurcated oil passages 168 and 169 has a well-known ABS solenoid valve 
SABS consisting of a pressure increasing valve SH and a pressure reducing valve SR. Similarly, the rear oil passage 
167 has an ABS solenoid valve SABS consisting of a pressure increasing valve SH and a pressure reducing valve SR. 
Furthermore, the rear oil passage 167 has aP&B valve provided at the downstream side of the ABS solenoid valve 
SABS. 

[0007] The hydraulic pressure of M/C 161 is transmitted to the P & B valve and to a stroke simulator SSI generating 
a pedal stroke in accordance with the depression force applied by the driver. Furthermore, M/C 1 61 is connected to the 
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front left W/C via a switching solenoid valve SMC1 and to the front right W/C via a switching solenoid valve SMC2. The 
switching solenoid valves SMC1 and SMC2 are usually kept closed under supply of electric power. Accordingly, the 
front right W/C and the front left W/C receive the regulator pressure in an ordinary condition. 
[0008] According to the above-described hybrid vehicle, when the depression amount of the brake pedal BP is 

5 small the regenerative braking force may be sufficient enough to supply all of the required vehicle braking force. In such 
a case no hydraulic braking force is required. Accordingly, in the cooperative control valve system 150, the pressure- 
increasing linear solenoid valve SLA is closed. The switching solenoid valves SMC1 and SMC2 are closed, too. How- 
ever, when the depression amount of the brake pedal BP is increased, the regenerative braking force may be insuffi- 
cient to supply all of the required vehicle braking force. In such a case, the hydraulic braking force is required. The linear 

io solenoid valve SLA is opened under the condition where both of the switching solenoid valves SMC1 and SMC2 are 
closed Thus the regulator pressure is supplied to each W/C. However, requiring the hydraulic braking force in this man- 
ner may encounter with a system fail wherein the valve SLA is stuck in the closed position and cannot be opened. To 
solve this situation, the solenoid of each valve is turned off. In this case, the switching solenoid valves SMC1 and SMC2 
are opened, and the M/C pressure is transmitted to the front right W/C and to the front left W/C. Thus, the braking force 

is is obtained in accordance with the depression amount of the brake pedal BP. 

[0009] However, according to the above-described hybrid vehicle, the cooperative control valve system 1 50 is pro- 
vided at the downstream side of the hydro booster system 1 60. Thus, in the installation of the switching solenoid valves 
SMC1 and SMC2, it is necessary to consider the possibility that the cooperative control valve system 1 50 or the hydro 
booster system 1 60 may be damaged. This significantly complicates the circuit arrangement . 

20 [0010] Furthermore, if the regenerative braking device is failed, no regenerative force will be obtained In such a 
case, it is necessary to promptly s"upply the hydraulic braking force. 

SUMMARY OF THE INVENTION 

25 [001 1] In view of the above problems, the present invention has an object to provide a vehicle braking method and 
a vehicle braking apparatus for realizing the cooperative control without using both the conventional cooperative control 
valve system and the switching solenoid valves. 

[001 2] The present invention has another object to provide a vehicle braking method and a vehicle braking appara- 
tus for promptly responding to an inoperable condition of the auxiliary braking device.- .. 
30 [0013] : " L "To accomplish the above and other related objects,' the present invention provides a first vehicle braking 
apparatus for applying a braking force to a vehicle by summing a braking force of a hydraulic braking device and a brak- 
ing force of an auxiliary braking device.- -■■■"i .. 

[0014] The first vehicle braking apparatus comprising: .;-^r. - , 

35 input value detecting means for detecting a brake pedal input valuer? rrr:^ :t~. ~h'.F*> - • - - • : 

target vehicle braking force output means for outputting a target vehicle braking force corresponding to the brake 
pedal input value detected by the input value detecting means; 

assigned braking force output means for outputting an assigned braking force which is obtained by subtracting a 
minimum braking force of the hydraulic braking device corresponding to the brake pedal input value from the target 
40 vehicle braking force generated from the target vehicle braking force output means; and 

braking control means for obtaining a distributive braking force of the hydraulic braking device which is obtained by 
subtracting the braking force of the auxiliary braking device from the assigned braking force generated from the 
assigned braking force output means, and for controlling the hydraulic braking device based on a target hydraulic 
braking force which is a sum' of the minimum braking force and the distributive braking force. 

45 

[001 5] According to the first vehicle braking apparatus of the present invention, in attaining a target vehicle braking _ 
force corresponding to a brake pedal input value, an assigned braking force is obtained by subtracting a minimum brak- 
ing force of the hydraulic braking device corresponding to the brake pedal input value from the target vehicle braking 
force Then a distributive braking force of the hydraulic braking device is obtained by subtracting the braking force of 

so the auxiliary braking device from the assigned braking force. And. the hydraulic braking device is controlled based on a 
target hydraulic braking force which is a sum of the minimum braking force and the distributive, braking force., , 
[001 6] With this arrangement, in attaining the target vehicle braking force, the present invention always utilizes the 
braking force of the hydraulic braking device. In other words, the first vehicle braking apparatus of the present invention 
does not require to perform the valve switching operation for activating or deactivating the hydraulic braking device. 

55 Accordingly, the vehicle braking apparatus of the present invention can execute the coop rativ control without using 
the conventional cooperative control valve system and the switching solenoid valves. Thus, the hydraulic circuit can be 
simplified. 

[001 7] In the explanation of the pres nt invention, the "target vehicle braking force" is equivalent to a target braking 
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force of an ordinary vehicle which uses the hydraulic braking device only. Furthermore, the "brake pedal input value" is 
for example a depression force applied on the brake pedal or a stroke length of the brake pedal or a M/C pressure. The 
"minimum braking force of the hydraulic braking device" is a braking force exceeding a minimum vehicle braking force 
required in accordance with law regulations. The "auxiliary braking device" is for example a regenerative braking device, 
5 an exhaust braking device, or an engine braking device. Furthermore, the "braking force" is used to represent a braking 
force itself and also conceptually used to encompass similar physical quantities, such as deceleration, which can be 
identified as being equivalent to the braking force. 

[001 8] In obtaining the assigned braking force, the first vehicle braking apparatus of the present invention does not 
restrict the distributive ratio between the auxiliary braking device and the hydraulic braking device. However, it is pref- 

70 erably in the first vehicle braking apparatus that all of the assigned braking force is supplied from the auxiliary braking 
device when the braking force of the auxiliary braking device is not smaller than the assigned braking force and also 
preferable that the hydraulic braking force is added as a supplement for filling a lack of braking force when the braking 
force of the auxiliary braking device is smaller than the assigned braking force. In this case, the braking force of the aux- 
iliary braking device is supplied as much as possible for obtaining the assigned braking force. Thus, it becomes possible 

is to suppress the abrasion of the brake pad or the brake shoe. 

[001 91 Furthermore, according to the first vehicle braking apparatus of the present invention, it is preferable that the 
hydraulic braking device comprises a M/C and a booster provided at the upstream side of the master cylinder and 
equipped with a boost ratio changing mechanism. And, the braking control means adjusts the boost ratio of the booster 
when the braking control means controls the hydraulic braking device. In this case, it is possible to equalize the M/C 

20 pressure with the W/C pressure in an ordinary braking operation (for example, in an ABS non-operating condition of an 
ABS equipped vehicle). It is advantageous from the viewpoint of fail safe. The "boost ratio" is defined as a ratio of the 
booster output to the brake pedal input. 

[0020] The first vehicle braking apparatus of the present invention does not restrict the mechanism for controlling 
the boost ratio of the booster. It is however preferable in the first vehicle braking apparatus to use the mechanism capa- 
25 ble of changing the boost ratio by forcibly changing a pedal input of the booster or by changing a pressure of operation 
fluid supplied to an operation chamber of a power piston of the booster. Employing such a mechanism makes it possible 
^ to provide a simple arrangement for realizing the variable boost ratio. 
[0021] : According to the first vehicle braking apparatus of the present invention, it is preferable that the auxiliary 
braking device is a regenerative braking device. Recently, research and development of motor-driven vehicles including 
30 the electric motors and the hybrid vehicles is very active. The vehicle braking apparatus of the present invention is pref- 
erable in effectively utilizing the energy in this kind of vehicles and in easily solving the system failure. If the regenerative 
efficiency is considered, it is desirable that all of the assigned braking force is supplied from the regenerative braking 
>; device when the braking force of the regenerative braking device is not smaller than the assigned braking force and the 
- hydraulic braking force is added as a supplement for filling a lack of braking force when the braking force of the regen- 
35 erative braking device is smaller than the assigned braking force. . . \ . r.. _ :■■.•--■* 

[0022] - - : Furthermore, the present invention provides a first vehicle braking method comprising the steps of: 

in attaining a target vehicle braking force corresponding to a brake pedal input value, 

obtaining ah assigned braking force by subtracting a minimum braking force of the hydraulic braking device corre- 
40 sponding to the brake pedal input value from the target vehicle braking force; 

obtaining a distributive braking force of the hydraulic braking device by subtracting the braking force of the auxiliary 
braking device from the assigned braking force; and *y . - 

controlling the hydraulic braking device based on a target hydraulic braking force which is a sum of the minimum 
braking force and the distributive braking force. 

45 

[0023] Application of the first vehicle braking method of the present invention is not limited to the first vehicle brak- 
ing apparatus comprising the above-described various means. 

[0024] Furthermore, to accomplish the above and other related objects, the present invention provides a second 
vehicle braking apparatus for applying a braking force to a vehicle by summing a braking force of a hydraulic braking 
so device and a braking force of an auxiliary braking device. 
[0025] The second vehicle braking apparatus comprising: 

input value detecting means for detecting a brake pedal input value; 

target vehicle braking force output means for outputting a target vehicle braking force corresponding to the brake 
55 pedal input value detected by the input value detecting means; 

assigned braking force output means for outputting an assigned braking force which is obtained by subtracting a 
minimum braking force of the hydraulic braking device corresponding to the brake pedal input value from the target 
vehicle braking force generated from the target vehicle braking force output means; and 
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auxiliary brake operability judging means for judging whether or not the auxiliary brake device is operable; and 
braking control means for responding to judgement result of the auxiliary brake operability judging means, 
wherein when the auxiliary brake operability judging means judges that the auxiliary braking device is operable, the 
braking control means is for obtaining a distributive braking force of the hydraulic braking device which is obtained 

5 • by subtracting the braking force of the auxiliary braking device from the assigned braking force generated from the 
assigned braking force output means, and for controlling the hydraulic braking device based on a target hydraulic 
braking force which is a sum of the minimum braking force and the distributive braking force, 
and further when the auxiliary brake operability judging means judges that the auxiliary braking device is inopera- 
ble, the braking control means is for controlling the hydraulic braking device based on a target hydraulic braking 

70 force which is equal to the target vehicle braking force. 

[0026] According to the second vehicle braking apparatus of the present invention, in attaining a target vehicle brak- 
ing force corresponding to a brake pedal input value, when the auxiliary braking device is operable, an assigned braking 
force is obtained by subtracting a minimum braking force of the hydraulic braking device corresponding to the brake 

is pedal input value from the target vehicle braking force. Then, a distributive braking force of the hydraulic braking device 
is obtained by subtracting the braking force of the auxiliary braking device from the assigned braking force. And, the 
hydraulic braking device is controlled based on a target hydraulic braking force which is a sum of the minimum braking 
force and the distributive braking force. On the other hand, when the auxiliary braking device is inoperable, the hydraulic 
braking device is controlled based on a target hydraulic braking force which is equal to the target vehicle braking force. 

20 Accordingly, the present invention always utilizes the braking force of the hydraulic braking device in attaining the target 
vehicle braking force. Furthermore, when the auxiliary braking device is inoperable, the hydraulic braking device is 
immediately controlled based on the target hydraulic braking force which is equal to the target vehicle braking force 
without calculating the assigned braking force or without inputting the braking force of the auxiliary braking force. 
[0027] In other words, the second vehicle braking apparatus of the present invention does not require to perform 

25 the valve switching operation for activating or deactivating the hydraulic braking device. Accordingly, the second vehicle 
braking apparatus of the present invention can execute the cooperative control without using the conventional cooper- 
ative control valve system and the switching solenoid valves. Furthermore, when the auxiliary braking device is inoper- 
able, the second vehicle braking apparatus of the present invention can promptly supply a required braking force by the 
hydraulic braking device." 

30 [0028] : 11 In the explanation of the present invention, the "inoperable condition of the auxiliary braking device" is for 
example a failure or damage of a regenerative braking device in a case where this regenerative braking device is 
employed as the auxiliary braking device of the present invention. In this case, the "inoperable condition of the auxiliary 
braking device" includes a fully charged condition of the battery. • 

[0029]' - In obtaining the assigned braking force, the second vehicle braking apparatus of the present invention does 

35 not restrict the distributive ratio between the auxiliary braking device and the hydraulic braking device. However, it is 
preferably in the second vehicle braking apparatus that all of the assigned braking force is supplied from the auxiliary 
braking device when the braking force of the auxiliary braking device is not smaller than the assigned braking force and 
also preferable that the hydraulic braking force is added as a supplement for filling a lack of braking force when the brak- 
ing force of the auxiliary braking device is smaller than the assigned braking force. In this case, the braking force of the 

40 auxiliary braking device is supplied as much as possible for obtaining the assigned braking force. Thus, it becomes pos- 
sible to suppress the abrasion of the brake pad or the brake shoe. - - , - - . ' : -y \ . 
[0030] * Furthermore, according to the second vehicle braking apparatus of the present invention, it is preferable that 
the hydraulic braking device comprises a M/C and a booster provided at the upstream side of the master cylinder and 
equipped with a boost ratio changing mechanism. And/the braking control means adjusts the boost ratio of the booster 

as when the braking control means controls the hydraulic braking device. In this case, it is possible to equalize the M/C 
pressure with the W/C pressure in an ordinary braking operation (for example, in an ABS non-operating condition of an 
ABS equipped vehicle). It is advantageous from the viewpoint of fail safe. Namely, in case of failure of the braking con- 
trol means, the boost ratio of the booster cannot be controlled However, in such a failed condition, it is possible to apply 
the hydraulic braking force generated by the M/C pressure (i.e., the minimum braking force) to the vehicle. 

so [0031] The second vehicle braking apparatus of the present invention does not restrict the mechanism for control- 
■ v ling the boost ratio of the booster. It is however preferable to use the mechanism capable of changing the boost ratio by > 
forcibly changing a pedal input of the booster or by changing a pressure of operation fluid supplied to an operation 
chamber of a power piston of the booster. Employing such a mechanism makes it possible to provide a simple arrange- 
ment for realizing the variable boost ratio. 

as [0032] Furthermore, instead of using the booster equipped with the boost ratio adjusting mechanism, the hydraulic 
braking device of the second vehicle braking apparatus of the present invention can be constituted by a check valve pro- 
vided in a first oil passage connecting a M/C to a W/C for maintaining a W/C pressure at a level not lower than a M/C 
pressure and brake fluid supply means for supplying a pressure regulated brak fluid to the W/C. In this case, the brak- 
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ing control means adjusts a pressure level of the brake fluid supplied from the brake fluid supply means to the W/C 
when the braking control means controls the hydraulic braking device. According to this arrangement, the W/C pressure 
is always maintained to a level not lower than the M/C pressure by the check valve provided in the first oil passage con- 
necting the M/C to the W/C. Accordingly, when the W/C pressure caused in response to a depression of the brake pedal 

5 is lower than the M/C pressure, the check valve operates to maintain the W/C pressure to the level not smaller than the 
M/C pressure. In other words, when the brake pedal is depressed, the second vehicle braking apparatus of the present 
invention causes the hydraulic braking device to produce a hydraulic braking force not smaller than a hydraulic braking 
force generated by the M/C pressure (i.e., minimum braking force). If the braking control means or the brake fluid supply 
means is failed, the pressure regulated brake fluid will not be supplied to W/C. However, in such a failed condition, the 

70 second vehicle 'braking apparatus of the present invention assures that the hydraulic braking device can supply the min- 
imum braking force. 

[0033] The adjusting mechanism for adjusting the pressure of the brake fluid supplied to the W/C is not limited to a 
specific one. For example, it is preferable that the brake fluid supply means comprises a pump for supplying a pressu- 
rized brake fluid to the W/C, and a control valve provided in a second oil passage connecting the M/C to the W/C. This 

75 arrangement is advantageous in that the brake fluid supply means can be simply arranged by using the pump and the 
control valve. In this case, the control valve maintains the W/C pressure at a value larger than the M/C pressure by a 
valve opening pressure. The valve opening pressure is variable. The braking control means adjusts the valve opening 
pressure of the control valve to adjust the pressure level of the brake fluid supplied to the W/C. 
[0034] According to the second vehicle braking apparatus of the present invention, it is preferable that the auxiliary 

20 braking device is a regenerative braking device. If the regenerative efficiency is considered, it is desirable that all of the 
assigned braking force is supplied from the regenerative braking device when the braking force of the regenerative 
braking device is not smaller than the assigned braking force and the hydraulic braking force is added as a supplement 
for filling a lack of braking force when the braking force of the regenerative braking device is smaller than the assigned 
braking force. 

25 [0035] Furthermore, the present invention provides a second vehicle braking method for applying a braking force to 
a vehicle by summing a braking force of a hydraulic braking device and a braking force of an auxiliary braking device. 
According to the second vehicle braking method, in attaining a target vehicle braking force corresponding to a brake 
pedal input value, when the auxiliary braking device is operable, an assigned braking force is obtained by subtracting a 
minimum braking force of the hydraulic braking device corresponding to the brake pedal input value from the target vehi- 

30 cle braking force. Then, a distributive braking force of the hydraulic braking device is obtained by subtracting the braking 
force of the auxiliary braking device from the assigned braking force. And, the hydraulic braking device is controlled 
based on a target hydraulic braking force which is a sum of the minimum braking force and the distributive braking force. 
On the other hand, when the auxiliary braking device is inoperable, the hydraulic braking device is controlled based on 
-a target hydraulic braking force which is equal to the target vehicle braking force. Application of the second vehicle brak- 

35 ing method of the present invention is not limited to the second vehicle braking apparatus comprising the above- 
described means. For example, in attaining a target vehicle braking force corresponding to a brake pedal input value, it 
is preferable to set the target vehicle braking force corresponding the brake pedal input value beforehand, and then 
obtain an assigned braking force by subtracting a minimum braking force of the hydraulic braking device from the target 
vehicle braking force. However, when the assigned braking force is constant (e.g., 0.2 G) regardless of the brake pedal 

40 input, it is preferable to directly obtain the distributive braking force of the hydraulic braking device by using this constant 
value without setting the target vehicle braking force. • . . - *• . - . 

[0036] " - Furthermore, to accomplish the above and other related objects, the present invention provides a third vehi- 
cle braking apparatus comprising braking control means for performing a cooperative control for applying a braking 
force to a vehicle by summing a braking force of a hydraulic braking device and a braking force of an auxiliary braking 

45 device. 

[0037] The hydraulic braking device of the third vehicle braking apparatus comprises: 

a check valve provided in a first oil passage connecting a M/C to a W/C for maintaining a W/C pressure at a level, 
not lower than a M/C pressure; and 
so brake fluid supply means for supplying a pressure regulated brake fluid to the W/C, and 

the braking control means is for adjusting a pressure level of the brake fluid supplied from the brake fluid supply 
means to the W/C in accordance with the braking force of the auxiliary braking device. 

[0038] According to the third vehicle braking apparatus of the present invention, the braking control means per- 
55 forms the cooperative control for applying a braking force to the vehicle by summing a braking force of the hydraulic 
braking device and a braking force of the auxiliary braking device. The pressure of the brake fluid supplied to the W/C 
is determined in accordance with the braking force of the auxiliary braking device. Thus, the braking force of the hydrau- 
lic braking device is determined in accordance with the braking force of the auxiliary braking device. The third vehicle 
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braking apparatus of the present invention always maintains the W/C pressure to a level not lower than the M/C pres- 
sure by the check valve provided in the first oil passage connecting the M/C to the W/C. Accordingly, when the W/C 
pressure caused in response to a depression of the brake pedal is lower than the M/C pressure, the check valve oper- 
ates to maintain the W/C pressure to the level not smaller than the M/C pressure. In other words, when the brake pedal 

5 is depressed, the third vehicle braking apparatus of the present invention causes the hydraulic braking device to pro- 
duce a hydraulic braking force not smaller than a hydraulic braking force generated by the M/C pressure (i.e., minimum 
braking force). The maximum value of the braking force of the auxiliary braking device is obtained by subtracting the 
minimum braking force of the hydraulic braking device from the vehicle braking force. If the braking control means or the 
brake fluid supply means is failed, the pressure regulated brake fluid will not be supplied to W/C. However, in such a 

70 failed condition, the third vehicle braking apparatus of the present invention assures that the hydraulic braking device 
can supply the minimum braking force. ' 

[0039] Accordingly, the third vehicle braking apparatus of the present invention does not require to perform the 
valve switching operation for activating or deactivating the hydraulic braking device. Thus, the third vehicle braking 
. apparatus of the present invention can execute the cooperative control without using the conventional cooperative con- 

15 trot valve system and the switching solenoid valves. The hydraulic circuit can be simplified. Furthermore, from the view 
point of fail safe, providing the check valve is advantageous compared with the conventional hydraulic circuit. 
[0040] The brake fluid supply means of the third vehicle braking apparatus of the present invention is not restricted 
to a specific one as far as it can supply the pressurized brake fluid regulated by the braking control means to the W/C. 
For example, ft is preferable that the brake fluid supply means comprises a pump for supplying a pressurized brake fluid 

20 to the W/C, and a control valve provided in a second oil passage connecting the M/C to the W/C. This arrangement is 
advantageous in that the brake fluid supply means can be simply arranged by using the pump and the control valve. In 
this case, the control valve maintains the W/C pressure at a value larger than the M/C pressure by a valve opening pres- 
sure. The valve opening pressure is variable. The braking. control means adjusts the valve opening pressure of the con- 
trol valve to adjust the pressure level of the brake fluid supplied to the W/C. - 

25 [0041] For example, as a practical arrangement, it is preferable that the third vehicle braking apparatus of the 
present invention comprises: 

input value detecting means for detecting a brake pedal input value; 

target vehicle braking force output means for outputting a target vehicle braking force corresponding to the brake 
30 pedal input value detected by the input value detecting means; and 

assigned braking force output means for outputting an assigned braking force which is obtained by subtracting a 
minimum braking force of the hydraulic braking device corresponding to the brake pedal input value from the target 
vehicle braking force generated from the target vehicle braking force output means, - 

wherein the braking control means is for obtaining a distributive braking force of the hydraulic braking device which 
35 is obtained by subtracting the braking force of the auxiliary braking device from the assigned braking force gener- 
ated from the assigned braking force output means, and for controlling the brake fluid supply means of the hydraulic 
braking device based on a target hydraulic braking force which is a sum of the minimum braking force and the dis- 
tributive braking force. 

40 [0042] In this case, in attaining a target vehicle braking force corresponding to a brake pedal input value, an 
assigned braking force is obtained by subtracting a minimum braking force of the hydraulic braking device correspond- 
ing to the brake pedal input value from the target vehicle braking force. Then, a distributive braking force of the hydraulic 
braking device is obtained by subtracting the braking force of the auxiliary braking device from the assigned braking 
force. And, the brake fluid supply means of the hydraulic braking device is controlled based on a target hydraulic braking 

45 force which is a sum of the minimum braking force and the distributive braking force. The "minimum braking force of the 
hydraulic braking device" is a hydraulic braking force caused by the M/C pressure which is always produced for attaining 
the target vehicle braking force. ■ ' , 

[0043] - In obtaining the assigned braking force, the third vehicle braking apparatus of the present invention does not 
restrict the distributive ratio between the auxiliary braking device and the hydraulic braking device. However, it is pref- 

50 erably in the third vehicle braking apparatus that all of the assigned braking force is supplied from the auxiliary braking 
device when the braking force of the auxiliary braking device is not smaller than the assigned braking force and also 
preferable that the hydraulic braking force is added as a supplement for filling a lack of braking force when the braking 
force of the auxiliary braking device is smaller than the assigned braking force. In this case, the braking force of the aux- 
iliary braking device is supplied as much as possible for obtaining the assigned braking force. Thus, it becomes possible 

55 to suppress the abrasion of the brake pad or the brake shoe. 

[0044] The third vehicle braking apparatus of the present invention controls the W/C pressure to be not smaller than 
the M/C pressure. The check valve is always closed. Accordingly, when the driver depresses the brake pedal, the M/C 
pressure increases. However, the pedal stroke becomes very small or does not increase because th brake fluid 
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remains continuously in the M/C. Thus, the driver may feel strange. When the assigned fluid pressure (i.e., a distributive 
braking force of the hydraulic braking device relative to the assigned braking force) is reduced due to the regenerative 
cooperation, the oil equivalent to the reduced M/C pressure returns to the M/C. Thus, the pedal is returned back corre- 
spondingly. The relationship between the vehicle deceleration and the pedal stroke is undesirably changed in accord- 
5 ance with a distribution ratio between the auxiliary braking force and the hydraulic braking force of the assigned braking 
force. Thus, the driver may feel strange. To solve these problems, according to the third vehicle braking apparatus of 
the present'invention, it is preferable that the M/C is connected to a stroke simulator causing a pedal stroke according 
to the brake pedal input This arrangement is preferable in that excellent brake feeling is obtained by the function of the 
stroke simulator. 

10 [0045] According to the third vehicle braking apparatus of the present invention, it is preferable that the auxiliary 
braking device is a regenerative braking device. If the regenerative efficiency is considered, it is desirable that all of the 
assigned braking force is supplied from the regenerative braking device when the braking force of the regenerative 
braking device is not smaller than the assigned braking force and the hydraulic braking force is added as a supplement 
for filling a lack of braking force when the braking force of the regenerative braking device is smaller than the assigned 

15 braking force. 



. BRIEF DESCRIPTION OF THE DRAWINGS . 

[0046] The above and other objects, features and advantages of the present invention will become more apparent 
20 from the following detailed description which is to be read in conjunction with the accompanying drawings, in which: 

Fig. 1 is a block diagram schematically showing the system arrangement of a hybrid vehicle in accordance with first 
and third embodiments of the present invention; 

Fig. 2 is a diagram showing an initial/ depress urizing state of a hydraulic circuit arrangement in accordance with the 
25 first and third embodiments of the present invention; 

Fig. 3 is a diagram showing a pressurizing state of the hydraulic circuit arrangement in accordance with the first and 
■j? third embodiments of the present invention; 

Fig. 4 is a diagram showing a holding state of the hydraulic circuit arrangement in accordance with the first and third 

embodiments of the present invention; ; . - * *> *■. - . - 

30 Rg. 5 is a diagram showing a boost ratio increasing state of the hydraulic circuit arrangement in accordance with 

the first and third embodiments of the present invention;, : \c - - 

Rg. 6 is a flowchart showing a brake control, in accordance with the first embodiment of the present invention; 

Rg. 7 is a graph showing the relationship between the pedal depression force and the M/C pressure in accordance 

with the first through fourth embodiments of the present invention; 
35 Rg; 8 is a graph showing the relationship between the pedal depression time and the vehicle braking force in 

accordance with the first through fourth embodiments of the present invention; 

Rg. 9 is a diagram showing an initial/ depressurizing state of a hydraulic circuit arrangement in accordance with 
second and fourth embodiments of the present invention; 

Rg. 1 0 is a diagram showing a pressurizing state of the hydraulic circuit arrangement in accordance with the sec- 
40 ond and fourth embodiments of the present invention; 

Rg. 1 1 is a diagram showing a holding state of the hydraulic circuit arrangement in accordance with the second and 
fourth embodiments of the present 'invention; ' : > t 

Rg. 12 is a diagram showing a boost ratio increasing state of the hydraulic circuit arrangement in accordance with 
the second and fourth embodiments of the present invention;-.- ...... -, ^. ; ._ . . 

45 Rg. 13 is a flowchart showing a brake control in accordance with a third embodiment of the present invention; 

Rg. 14 is a graph showing the relationship between the pedal depression time and the vehicle braking force in 
accordance with the third through fifth embodiments of the present invention; 

Rg. 15 is a block diagram schematically showing the system arrangement of a hybrid vehicle in accordance with 
fifth and sixth embodiments of the present invention; 
so Rg. 1 6 is a diagram showing a hydraulic circuit arrangement in accordance with the fifth and sixth embodiments of 
the present invention;""' " " " - : 1 

Rg. 1 7 is a cross-sectional view showing a W/C linear valve in accordance with the fifth and sixth embodiments of 
the present invention; 

Rg. 18 is a cross-sectional view showing a stroke simulator valve in accordance with the fifth and sixth embodi- 
55 ments of the present invention; 

Rg. 1 9 is a flowchart showing a brake control in accordance with the fifth embodiment of the present invention; 
Rg. 20 is a graph showing the relationship between the pedal depression force and the W/C pressure in accord- 
ance with the fifth and sixth embodiments of the present invention; 
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Fig. 21 is a diagram showing a hydraulic circuit arrangement in accordance with a modified fifth embodiment of the 
present invention; 

Fig. 22 is a flowchart showing a brake control in accordance with the sixth embodiment of the present invention; 
Fig* 23 is a block diagram schematically showing the system arrangement of a conventional hybrid vehicle; and 
5 Fig. 24 is a hydraulic circuit arrangement of the conventional hybrid vehicle. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0047] Preferred embodiments of the present invention will be explained hereinafter with reference to attached 
w drawings. 

First Embodiment 

[0048] Fig. 1 is a block diagram showing a system arrangement of a vehicle braking apparatus in accordance with 

is the first embodiment of the present invention. Fig. 2 is a diagram showing a hydraulic circuit arrangement for the vehicle 
braking apparatus in accordance with the first embodiment of the present invention. As shown in Fig. 1 , the hybrid vehi- 
cle comprises a regeneration ECU 10 sending a drive request value to each of the following control units (i.e., ECUs). 
A motor ECU 20 controls a motor 70 via an inverter 80 in accordance with the drive request value sent from the regen- 
eration ECU 10. A battery ECU 30 monitors a charging condition of a battery 90 equipped in this vehicle. A brake ECU 

20 40 performs a cooperative control for the regenerative braking device and the hydraulic braking device based on a sens- 
ing signal of a depression force sensor 41 . The sensing signal of the depression force sensor 41 is a depression force 
applied on the brake pedal BR A vacuum booster 50 generates a hydraulic braking force in response to the depression 
force applied on the brake pedal BP by a driver. A boost ratio of the vacuum booster 50 is controlled in accordance with 
a control signal sent from the brake ECU 40. The motor 70 drives a front right wheel FR and a front left wheel FL The 

25 inverter 80 converts the discharge power (i.e., DC power) of the battery 90 into AC power in accordance with a control 
signal sent from the motor ECU 20. The produced AC power is supplied to the motor 70. Furthermore, the inverter 80 
converts the AC power generated by the motor 70 into charging power (i.e., DC power) in accordance with a control 
signal sent from the motor ECU 20. The produced DC power is used to charge the battery 90- 
[0049] The hydraulic circuit including M/C 51 and vacuum booster 50 will be explained with reference to Fig. 2. 

30 [0050] The M/C 51 comprises a M/C piston 54 which is accommodated in an inside space of M/C 51 and is hermet- 
ically slidable in the axial direction: A return spring 55 is provided in the side space of M/C 51 to resiliently urge the M/C 
piston 54 in a rearward direction (i.e., in a rightward direction in Fig. 2); The inside space of M/C 51-is partitioned into a 
front M/C "chamber 51 a and a rear M/C chamber 51 b. The front M/C chamber 51 a communicates via a front oil passage 
6 with a W/C of the front right wheel FR and a W/C of the front left wheel FL, and also communicates via a rear oil pas- 

35 sage 7 with a W/C of the rear right wheel RR and a W/C of the rear left wheel RL The front oil passage 6 is bifurcated 
into a branch oil passage 8 connected to the W/C of the front left wheel FL and a branch oil passage 9 connected to the 
W/C'of the front right wheel FR. A well-known ABS solenoid valve SABS, consisting of a pressure increasing valve SH 
and a pressure reducing valve SR, is provided in each of the branch oil passages 8 and 9. Similarly, the ABS solenoid 
valve SABS is provided in the rear oil passage 7. - l ■ • ■ 

40 [0051] A reservoir 52 always communicates with the rear M/C chamber 51b. The reservoir 52 is connected to or 
disconnected from the front M/C chamber 51a in accordance with the position of the M/C piston 54..More specifically, 
the reservoir 52 communicates with the front M/C chamber 51a in an initial condition or in a depressurizing phase. On - 
the other hand, the reservoir 52 is disconnected from the front M/C chamber 51a in other conditions (e.g., in a pressu- 
rizing phase or in a pressure holding phase).- ... 

45 [0052] The vacuum booster 50 is provided at the upstream side of the M/C 51 . The vacuum booster 50 comprises 
a built-in power piston 56. The power piston 56 is accommodated in an inside space of the vacuum booster 50 so as to 
be hermetically slidable along a large-diameter portion in an axial direction of the vacuum booster 50. The power piston 
56 partitions the inside space of the vacuum booster 50 into a front booster chamber 50a and a rear booster chamber 
50b. The front booster chamber 50a always communicates with a low-pressure source R LP (e.g., an intake manifold or 

50 a vacuum pump). The power piston 56 comprises a pressure regulating valve 57 which is accommodated in a through 

•"^ hole 56d and is slidable in the axial direction. A rear end of the pressure regulating valve 57 is connected*) a pedal 
input shaft 58. The brake pedal BP is swingably supported by the rear end of the pedal input shaft 58. A front end of the 
pressure regulating valve 57 is connected to a valve plunger 59. The valve plunger 59 comprises a shaft portion 59a 
extending in the axial direction of the through hole 56d and a bent portion 59b extending in a radial direction from the 

55 front end of the shaft portion 59a The front end of the bent portion 59b supports one end of a first lever 61 so that the 
first lever 61 is swingable about the bent portion 59b. The other end of the first lever 61 supports one end of a second 
lever 62 so that the second lever 62 is swingable about the first lever 61 .The other end of the second lever 62 supports 
one end of a third lever 63 so that the third lever 63 is swingable about the second lever 62. Th other end of the third 
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lever 63 is swingably supported by the power piston 56. The second lever 62 extends across the central axis of the 
power piston 56 and swingbly supports a booster output shaft 60. The booster output shaft 60 extends along the central 
axis of the power piston 56. The booster output shaft 60 extends in a through hole connecting the front booster chamber 
50a to the rear M/C chamber 51b so as to be hermetically slidable in an axial direction. By the resilient force of the 

5 return spring 55, the M/C piston 54 is always brought into contact with the booster output shaft 60. 

[0053] A first port 56a communicating with the rear booster chamber 50b, a second port 56b communicating a high- 
pressure source R HP (e.g., atmosphere), and a third port 56c communicating with the front booster chamber 50a are 
provided on an inside wall of the through hole 56d of the power piston 56. A sub cylinder 65, provided at a front position 
of the power piston 56, faces to the bent portion 59b of the valve plunger 59. The sub cylinder 65 accommodates a reac- 

w tion force adjusting piston 64 in an inside space thereof so as to be hermetically slidable in the axial direction. The inside 
space of the sub cylinder 65 is partitioned into front and rear chambers by the reaction force adjusting piston 64. The 
front chamber of the sub cylinder 65 communicates with the front booster chamber 50a. The rear chamber of the sub 
cylinder 65, serving as a reaction force adjusting chamber 66, communicates with either the low-pressure source R LP 
or the high-pressure source R HP via a reaction force adjusting solenoid valve 67. A reaction force adjusting plunger 68 

75 integral with the reaction force adjusting piston 64 selectively contacts with or separates from the bent portion 59b of 
the valve plunger 59, 

[0054] Next, an operation of the hybrid vehicle during the brake pedal operation in accordance with the first embod- 
iment of the present invention will be explained with reference to Fig. 6. Fig. 6 is a flowchart showing a brake control 
repetitively performed by the brake ECU 40 in response to a depression of the brake pedal BP. According to the hybrid 

20 -vehicle in accordance with the first embodiment of the present invention, when the driver depresses the brake pedal BP, 
the depression force sensor 41 outputs a pedal depression force, serving as a brake pedal input value, to the brake 
ECU 40. The brake ECU 40 obtains a target vehicle braking force corresponding to the pedal depression force with ref- 
erence to a map or a table or an equation stored in a memory (refer to step S10). Next, an assigned braking force is 
obtained by subtracting a minimum braking force (later described) of a hydraulic braking device from the target vehicle 

25 braking force. The assigned braking force thus obtained is transmitted as a requested regenerative braking force to the 
regeneration ECU 10 (refer to step S20).The regeneration ECU 10 causes the motor ECU 20 to perform a regeneration 
I control based on the requested regenerative braking force. An actual regenerative braking force produced by the motor 
70 is detected. The detected actual regenerative braking force is returned as a producible regenerative braking force to 
the brake ECU 40. The brake ECU 40 receives the producible regenerative braking force sent from the regeneration 

30 ECU 1 0 (refer to step S30). The brake ECU 40 obtains a target braking force of the hydraulic braking device (i.e., a tar- , 
get hydraulic braking force) which is obtained by subtracting the producible regenerative braking force from the target 
vehicle braking force (refer to step S40). In other words, the target hydraulic braking force is equal to a sum of the min- 
; imum braking force and a distributive braking force. The distributive braking force is equal to a difference between the 
requested regenerative braking force and the producible regenerative braking force. Then, a target M/C pressure cor- 

35 responding to the target hydraulic braking force is obtained based on a map or a table or adequation stored in the mem- - 
ory (refer to step S50). The boost ratio of vacuum booster 50 is controlled by switching the reaction force adjusting 
solenoid valve 67 in such a manner that the actual M/C pressure (i.e., the pressure in the front M/C chamber 51a) is 
equalized to the target M/C pressure (refer to step S60). More specifically, the boost ratio control is performed in the 
following manner. The M/C pressure is equal to the W/C pressure during an ordinary braking operation (e.g., an ABS 

40 non-operating condition). Thus, an oil pressure detected by a hydraulic sensor provided somewhere in a path connect- 
ing the front M/C chamber 51 a to each W/C is compared with the target M/C pressure to obtain a difference. A feedback 
control is performed to eliminate this difference. • - • • ; .- - - 

[0055] - - Next, an operation of the vacuum booster 50 in the boost ratio control will be explained. The following 
description includes a first reaction force mode and a second reaction force mode for the reaction force adjusting sole- 

45 noid valve 67. In the first reaction force mode, the reaction force adjusting solenoid valve 67 connects the reaction force 
adjusting chamber 66 to the low-pressure source R LP (refer to Figs. 2 to 4). In the second reaction force mode, the reac- 
tion force adjusting solenoid valve 67 connects the reaction force adjusting chamber 66 to the high-pressure source 
R HP (refer to Fig. 5). 

[0056] Based on the first reaction force mode, three states of an initial/ depressurizing state, a pressurizing state, 

so and a holding state will be explained hereinafter. 

[0057] Fig. 2 shows the initial/ depressurizing state where the brake pedal BP is not depressed or the brake pedal 
is returning to the initial (i.e., home) position. In this initial/ depressurizing state, the M/C piston 54 is resiliently urged 
rearward by the return spring 55. The front M/C chamber 51 a communicates with the reservoir 52. The pressure regu- 
lating valve 57 is positioned at an initial position where the first port 56a is connected to the third port 56c while the sec- 

55 ond port 56b is isolated. Thus, the front booster chamber 50a and the rear booster chamber 50b are maintained at the 
low pressure of the low-pressure source R LP None of the hydraulic braking force and the regenerative braking force are 
available in this condition. 

[0058] Fig. 3 shows the pressurizing state where the brake pedal BP is depressed more than a predetermined 
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amount prior to the holding state. In this pressurizing state, the pressure regulating valve 57 is positioned at a pressure- 
increasing position where the first port 56a is connected to the second port 56b while the third port 56c is isolated. The 
high-pressure source R HP is connected to the rear booster chamber 50b. The front booster chamber 50a is isolated 
from the rear booster chamber 50b. The power piston 56 moves forward by a pressure difference between the high- 
5 pressure source R HP and the low-pressure source R LP The power piston 56, when moving forward, pushes the M/C 
piston 54 vial the booster output shaft 60. The front M/C chamber 51 a is isolated from the reservoir 52. Thus, the inside 
pressure of front M/C chamber 51 a (i.e., M/C pressure) increases. The increased M/C pressure is transmitted to the 
W/C of each wheel. As a result, the hydraulic braking force is available. 

[0059] Fig. 4 shows the holding state where the brake pedal BP is held in a depressed condition. When the brake 
10 pedal BP is held in the depressed condition, a reaction force of the booster output is separated into a reaction force of 
the power piston and a reaction force of the valve plunger. The pedal input shaft 58 is pushed back by the reaction force 
of the valve plunger. The pressure regulating valve 57 is thus shifted to a holding position where the first port 56a, the 
second port 56b and the third port 56c are isolated from each other. The pressure regulating valve 57 is balanced at 
.this holding position. In this condition, the reaction force of the pedal input shaft is equal to the reaction force of the valve 
is plunger. It is now assumed that Fb represents a booster output, Fpd represents the reaction force of the power piston, 
Fvd represents the reaction force of the valve plunger, Lp represents the length of a power piston side of the second 
lever 62, Lv represents the length of a valve plunger side of the second lever 62, and Fi represents the reaction force of 
the pedal input shaft The following equations © to ® are established to determine the relationship between the 
booster output and the reaction force of the input shaft. More specifically, in the first reaction force mode, the boost ratio 
20 (Fb/Fi) is substantially determined by Lv and Lp which depend on the mechanical arrangement. Accordingly, the boost 
ratio thus obtained is referred to as "mechanically determined boost ratio." Furthermore, the hydraulic braking force 
obtained by this boost ratio is referred to as "minimum braking force of hydraulic braking device" which is set to be not 
smaller than a minimum vehicle braking force required according to law regulations. 
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Fb = Fpd + Fvd — - ® , 

Fpd * Lp = Fvd * Lv — — - ® 

;Fi ==Fvd ^ : ; ^ 

^•'T^ *— ------- ® ' 



35 [0060]' Next, the second reaction force mode will be explained based on the holding state. As shown in Fig. 5, in the 
holding state, the reaction force adjusting solenoid valve 67 connects the reaction force adjusting chamber 66 to the 
high-pressure source R H p For example, air is introduced into the reaction force adjusting chamber 66. The pressure of 
the reaction force adjusting chamber 66 increases. The increased pressure acts on the reaction force adjusting piston. 
64. The reaction force adjusting plunger 68 pushes the valve plunger 59 forward so as to bring it into a balanced con- 

40 dition. This balanced condition establishes the following relationship, in which Pc represents a pressure difference 
between the reaction force adjusting chamber 66 and the front booster chamber 50a and Ac represents an area of the 
reaction force adjusting piston 64. Accordingly, when required to obtain the same booster output, the reaction force of 
the input shaft becomes small in the second reaction force mode compared with the first reaction force mode. In the 
second reaction force mode, the booster ratio is substantially determined by the pressure of the reaction force adjusting 

45 chamber 66. ' r 

Fi = Fvd - (PcxAc) - 

= Fb/(Lv/Lp+1)-(PcxAc) 

so [0061 ] The above equations CD and © are established in the second reaction force mode, too. Thus, the pressure 
of the rear booster chamber 50b increases by an amount required for resisting against the returning load acting on the 
power piston 56 when the pressure acts on the reaction force adjusting piston 64. Similarly, the boost ratio increases 
when the second reaction force mode is employed in the pressurizing state or in the depressurizing state. 
[0062] Returning to a step S60 in the flowchart shown in Fig. 6, the boost ratio control of the booster is performed 

55 in the following manner. In the boost ratio control of the booster, the brake ECU 40 is set to the first reaction force mode 
when the target M/C pressure corresponding to a pedal depression force is equal to a M/C pressure corresponding to 
the minimum braking force of the hydraulic braking device, i.e., when the requested regenerative braking force 
(^assigned braking force) is identical with the producible regenerative braking force. In this case, the M/C pressure is 
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obtained in accordance with the mechanically determined boost ratio. Thus, the hydraulic braking device produces the 
minimum braking force. On the other hand, the target M/C pressure corresponding to a pedal depression force may 
exceed the M/C pressure corresponding to the minimum braking force of the hydraulic braking device. In other words, 
the requested regenerative braking force (=assigned braking force) may be larger than the producible regenerative 
braking force. In such a case, the brake ECU 40 adequately selects the first reaction force mode or the second reaction 
force mode, i.e., adequately switches the reaction force adjusting solenoid valve 67, to feedback controls the actual M/C 
pressure to the'target M/C pressure. With this feedback control, the boost ratio exceeds the mechanically determined 
boost ratio. Thus, the M/C pressure is obtained in accordance with this boost ratio and the target hydraulic braking force 
is attained. 

[0063] Fig. 7 is a graph showing the relationship between the pedal depression force and the M/C pressure, in the 
graph, a straight line L represents the characteristics of the first reaction force mode which is determined beforehand in 
accordance with the minimum braking force of the hydraulic braking device. A straight line H represents the character- 
istics of the second reaction force mode which is for example determined in accordance with the target vehicle braking 
force. In the boost ratio control of the booster, when the target M/C pressure corresponding to a pedal depression force 
is equal to the M/C pressure corresponding to the minimum braking force of the hydraulic braking device, the M/C pres- 
sure can be plotted as a point on the straight line L corresponding to the pedal depression force. On the other hand, 
when the target'M/C pressure corresponding to a pedal depression force exceeds the M/C pressure corresponding to 
the minimum braking force of the hydraulic braking device, the M/C pressure can be plotted as a point in a region 
between the straight line L and the straight line H. In the graph of Fig. 7, a dotted line represents the characteristics in 
case of the booster failure in which a pressure difference between the high-pressure source R HP and the low-pressure: 
source R LP becomes 0. The boost ratio can be defined as a ratio of the M/C pressure in a normal booster to the M/C 
pressure in a failed booster. 

[0064] Fig. 8 is a graph showing the relationship between the depression time of the brake pedal BP and the vehicle 
braking force.' This graph is drawn based on the following assumption. In the beginning of the depression of the brake 
pedal BP, the battery 90 is fully charged and therefore no regenerative braking force is produced. Thereafter, due to 
some amount of discharging, the battery 90 comes to a condition that the regenerative braking force is producible, 
i Then, the battery 90 is again fully charged and no generative force is producible. 

' [0065] In the graph of Fig. 8, no generative braking force is available in the beginning of the depression of the brake 
pedal BP (refer to phase I).Thus, all of the assigned braking force (= requested regenerative braking force) is produced 
by the hydraulic braking device. The boost ratio of the booster is controlled so as to obtain the target vehicle braking 
force which is a sum of the minimum braking force of the hydraulic braking device and the assigned braking force. In 
this case, the boost ratio of the booster agrees with the straight line H shown in Fig. 7. Thereafter, due to some amount 
of discharging, the battery 90 comes to a condition that the regenerative braking force is producible. The producible 
regenerative braking force gradually increases (refer to phase II). The distributive braking force is obtained by subtract- 
ing the producible regenerative braking force from the assigned braking force. The boost ratio of the booster is control- 
led so as to obtain a sum of the distributive braking force thus obtained and the minimum braking force. In this case, the 
boost ratio of the booster varies in the range between the straight line H and the straight line L shown in Fig. 7. Further- 
more, when the producible regenerative braking force is maximized (refer to phase III), all of the assigned braking force 
is supplied from the regenerative braking device. Accordingly, the boost ratio of the booster is controlled so as to cause 
the hydraulic braking device to produce the minimum braking force. In this case, the boost ratio of the booster agrees 
with the straight line L shown in Fig. 7. Thereafter, the producible regenerative braking force gradually decreases (refer ., 
to phase N). The distributive braking force is obtained by subtracting the producible regenerative braking force from the. 
assigned braking force. The boost ratio of the booster is controlled so as to obtain a sum of the distributive braking force 
thus obtained and the minimum braking force. In this case, the boost ratio of the booster varies in the range between 
the straight line H and the straight line L shown in Fig. 7. 

[0066] The depression force sensor 41 of the first embodiment serves as input value detecting means of the 
present invention. The brake ECU 40 serves as target vehicle braking force output means, assigned braking force out- 
put means, and brake control means of the present invention. In the flowchart of Fig. 6, the step S10 represents the 
processing performed by the target vehicle braking force output means, the step S20 represents the processing of the 
assigned braking force output means, and steps S40 to S60 represent the processing of the brake control means. 
[0067] As described above, the first embodiment has the following effects.- -« 

© The hydraulic braking device always operates to attain the target vehicle braking force. Thus, it becomes possi- 
ble to realize the cooperative control without using a conventional cooperative control valve which selectively actu- 
ates or deactivates the hydraulic braking device. The hydraulic circuit arrangement can be simplified. 
@ When the producible regenerative braking force is not smaller than the assigned braking force (i.e., requested 
regenerative braking force), all of the assigned braking force is supplied from the regenerative braking device. 
When the producible regenerative braking force is smaller than the assigned braking force, the hydraulic braking 
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force is added as a supplement for filling a lack of braking force. In other words, the assigned braking force is sup- 
plied from the regenerative braking device as much as possible. This is effective to suppress the abrasion of the 
brake pad or the brake shoe used in the hydraulic braking device. The regeneration efficiency can be increased. 
® The vacuum booster 50 forcibly changes the reaction force of the pedal input shaft to adjust the boost ratio. 
Thus, it becomes possible to provide a relatively simple arrangement for adjusting the boost ratio. 
® The hydraulic braking device includes the vacuum booster 50 at the upstream side of the M/C 51. The vacuum 
booster 50 is equipped with the boost ratio adjusting mechanism. Thus, it is possible to employ a hydraulic circuit 
arrangement in which the M/C pressure agrees with the W/C pressure during an ordinary braking operation. In 
other words, the present invention does not require a conventional fail-safe mechanism (i.e., valves SMC1 and 
SMC2 and associated oil supply passage extending from M/C 161 to corresponding W/C shown in Fig. 24). The 
circuit arrangement of the hydraulic braking device can be simplified. 

Second Embodiment 

[0068] The second embodiment differs from the first embodiment in that the vacuum booster 50 is replaced by a 
hydro booster 250. Therefore, components identical with those disclosed in the first embodiment are denoted by same 
reference numerals. The explanation for these components is omitted in the following explanation. 
[0069] The hydro booster 250 will be explained in more detail with reference to Fig. 9. Fig. 9 shows a hydraulic cir- 
cuit arrangement in accordance with the second embodiment of the present invention. The hydro booster 250 is pro- 
vided at the upstream side of M/C 51 : The hydro booster 250 comprises a built-in power piston 256. The power piston 
256 is accommodated in an inside space of the hydro booster 250 so as to be hermetically slidable in an axial direction 
of the hydro booster 250. The power piston 256 partitions the inside space of the hydro booster 250 into a front booster 
chamber 250a and a rear booster chamber 250b. The front booster chamber 250a always communicates with a reser- 
voir 52 serving as a low-pressure source. 

[0070] The power piston 256 comprises a reaction force piston 254 which is accommodated in a bore 255 and is 
slidable in the axial direction. A pressure regulating valve 257 is integrally formed with the reaction force piston 254. The 
inside space of the bore 255 is separated into a front bore chamber 256a and a rear bore chamber 256b by the reaction 
force piston 254 A rear end of the reaction force piston 254 is connected to a pedal input shaft 258. The brake pedal 
BP is swingabty supported by the rear end of the pedal input shaft 258. A spring 259 is provided at the front side of the 
reaction force piston 254. A booster output shaft 260 is integrally formed with the power piston 256 and extends forward 
from the power piston 256. The booster output shaft 260 is hermetically slidable in an axial direction in a through hole 
connecting the front booster chamber 250a to a rear M/C chamber 51 b. By the resilient force of a return spring 55, a _ 
M/C piston 54 is always brought into contact with the booster output shaft 260. ■ - . 

[0071] A first port 255a, a second port 255b, and a third port 255c are provided on an inside wall of the bore 255. 
The first port 255a always communicates' with the front bore chamber 256a. A boost ratio adjusting solenoid valve 262 ^ 
selectively connects or disconnects the first port 255a to or from the rear booster chamber 250b. When the first port. 
255a is disconnected from the rear booster chamber 250b, a pressure difference between the first port 255a and the , 
rear booster chamber 250b is limited within a predetermined value by a differential pressure regulating valve 266. The 
brake ECU 40 controls a valve opening pressure of the differential pressure regulating valve 266. The second port 255b 
always communicates with an accumulator 263 which stores a pressurized brake fluid.. Furthermore, the third port 255c 
always communicates with both of the front booster chamber 250a and the rear bore chamber 256b. A hydraulic pump 
264'pressurizes a brake fluid of the reservoir 52 and supplies the pressurized brake fluid to the accumulator 263. . 
[0072] The second embodiment is similar to the first embodiment in an operation of the hybrid vehicle during a 
brake pedal operation. Namely/the brake control of the hybrid vehicle is performed in accordance with the flowchart 
shown in Fig. 6, atthough the boost ratio control in the step S60 is performed by the hydro booster 250. 
[0073] Next, an operation of the hydro booster 250 during a brake operation will be explained. The following 
description includes a first output mode and a second output mode for the boost ratio adjusting solenoid valve 262. In 
the first output mode, the boost ratio adjusting solenoid valve 262 connects the rear boost chamber 250b to the first port 
255a and the front bore chamber 256a (refer to F.gs. 9 to 1 1 ). In the second output mode, the boost ratio adjusting sole, 
noid valve 262 connects the rear booster chamber 250b to the accumulator 263 (refer to Fig. 1 2). 
[0074] Based on the first' output mode; three states of an initial/ depressurizing state, a pressurizing state, and a 
holding state will be explained hereinafter. Fig. 9 shows the initial/ depressurizing state where the brake pedal BP is not 
depressed or the brake pedal is returning to the initial (i.e., home) position. In this initial/ depressurizing state, the M/C 
piston 54 is resilientty urged rearward by the return spring 55. The front M/C chamber 51a communicates with the res- 
ervoir 52 The pressure regulating valve 257 is positioned at an initial position where the first port 255a is connected to 
the third port 255c while the second port 2556b is isolated. Thus, the front booster chamber 250a and the rear booster 
chamber 250b are maintained at the low pressure of the reservoir 52. None of the hydraulic braking force and the 
regenerative braking force are available in this condition. 
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[0075] Rg. 10 shows the pressurizing state where the brake pedal BP is depressed more than a predetermined 
amount prior to the holding state. In this pressurizing state, the pressure regulating valve 257 is positioned at a pres- 
sure-increasing position where the first port 255a is connected to the second port 255b while the third port 255c is iso- 
lated. The accumulator 263, serving as the high-pressure source, is connected to the rear booster chamber 250b. The 

5 front booster chamber 250a is isolated from the rear booster chamber 250b. The power piston 256 moves forward by a 
pressure difference between the front booster chamber 250a and the rear booster chamber 250b. The power piston 
256, when moving forward, pushes the M/C piston 54 vial the booster output shaft 260. The front M/C chamber 51a is 
isolated from the reservoir 52. Thus, the inside pressure of front M/C chamber 51 a (i.e., M/C pressure) increases. The 
increased M/C pressure is transmitted to the W/C of each wheel. As a result, the hydraulic braking force is available. 

w [0076] Rg- 1 1 shows the holding state where the brake pedal BP is'held in a depressed condition. When the brake 
pedal BP is held in the depressed condition, the pedal input shaft 258 is pushed back by a reaction force which is pro- 
duced when the pressure of the front bore chamber 256a (i.e., regulator pressure) acts on the reaction force piston 254. 
The pressure regulating valve 257 is thus shifted to a holding position where the first port 255a, the second port 255b 
and the third port 255c are isolated from each other. The pressure regulating valve 257 is balanced at this holding posi- 

75 tion. It is now assumed that Fb represents a booster output, Fi represents the reaction force of the pedal input shaft, Ap 
represents an area of the power piston, Ar represents an area of the reaction force piston, Pr represents the regulator 
pressure, and Pp represents the pressure of the rear booster chamber 250b. The following equations are established 
to determine the relationship between the booster output and the reaction force of the pedal input shaft. More specifi- 
cally, in the first output mode, the boost ratio (Fb/Fi) is substantially determined by Ap and Ar which depend on the 

20 mechanical arrangement Accordingly, the boost ratio thus obtained is referred to as "mechanically determined boost 
ratio." Furthermore, the hydraulic braking force obtained by this boost ratio is referred to as "minimum braking force of 
hydraulic braking device" which is set to be not smaller than a minimum vehicle braking force required according to law 
regulations. 

25 Fb = Pp x Ap 

= Pr x Ap 

,t . *■.-■* 

R = Pr x Ar 

30 : ' •*• Fb = Fi x Ap / Ar - 

[0077] Next, the second output mode will be explained based on the holding state. As shown in Fig. 1 2, in the hold- 
4: ing state, the boost ratio adjusting solenoid valve 262 connects the rear booster chamber 250b to the accumulator 263. 
The pressure of the rear booster chamber 250b increases. The pressure, of the rear booster chamber 250b is sup- 

35 pressed by the differential pressure regulating valve 266. The valve opening pressure of the differential pressure regu- 
lating valve 266 restricts a pressure difference between the rear booster chamber 250b and the regulator pressure to a 
predetermined value. When the pressure of the rear booster chamber 250b increases, the power piston 256 is pushed _ 
forward by the increased pressure and brought into a balanced condition. This balanced condition establishes the fol- . 
lowing relationship, in which Pd represents the valve opening pressure of the differential pressure regulating valve 266. 

40 The booster output obtained in response to the same reaction force of the pedal input shaft becomes large in the sec- 
ond output mode compared with the first output mode: In the second reaction force mode, the booster ratio is substan- 
tially determined by the valve opening pressure of the differential pressure regulating valve 266. Similarly, the boost 
ratio increases when the second output mode is employed in the pressurizing state or in the pressurizing state. 

45 Fb= Ppx Ap v-" - >. : 

= (Pr + Pd) x Ap - 

Fi = Pr x Ar 

so Fb = Fi x Ap/ Ar+ Pd x Ap 

[0078] According to the second embodiment, in the step S60 of the flowchart shown in Fig. 6, the boost ratio control 
of the booster is performed in the following manner. In the boost ratio control of the booster, the brake ECU 40 is set to 
the first output mode when the target M/C pressure corresponding to a pedal depression force is equal to a M/C pres- 
55 sure corresponding to the minimum braking force of the hydraulic braking device, i.e., when the requested regenerative 
braking force (^assigned braking force) is identical with the producible regenerative braking force. In this case, the M/C 
pressure is obtained in accordance with the mechanically determined boost ratio. Thus, the hydraulic braking device 
produces the minimum braking force. On the other hand, the target M/C pressure corresponding to a pedal depression 
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force may exceed the M/C pressure corresponding to the minimum braking force of the hydraulic braking device. In 
other words, the requested regenerative braking force (=assigned braking force) may be larger than the producible 
regenerative braking force. In such a case, the brake ECU 40 is set to the second output mode and the valve opening 
pressure of the differential pressure regulating valve 266 is adequately changed to equalize the actual M/C pressure to 

5 the target M/C pressure. With this control, the boost ratio exceeds the mechanically determined boost ratio. Thus, the 
M/C pressure is obtained in accordance with this boost ratio and the target hydraulic braking force is attained. In the 
control of the valve opening pressure of the differential pressure regulating valve 266, it is preferable to obtain a valve 
opening pressure corresponding to the target M/C pressure by using a map or a table or an equation which is stored 
beforehand in a memory. The feedback control is performed so as to equalize the valve opening pressure of the differ- 

10 ential pressure regulating valve 266 with the obtained valve opening pressure. 

[0079] The relationship between the pedal depression force and the M/C pressure is substantially identical with that 
of the first embodiment shown in the graph of Fig. 7. In the second embodiment, the straight line L represents the char- 
acteristics of the first output mode. The region between the straight line L and the straight line H represents the charac- 
teristics of the second output mode. According to the first output mode, the M/C pressure is substantially dependent on 

15 the mechanically determined boost ratio. The M/C pressure is thus determined in proportion to the pedal depression 
force (refer to the straight line L). According to the second output mode, the boost ratio changes in accordance with the 
valve opening pressure of the differential pressure regulating valve 266. Thus, the M/C pressure responsive to the pedal 
depression force varies in the region between the straight line L and the straight line H. • 

[0080] Furthermore, the relationship between the depression time of the brake pedal BP and the vehicle braking 
20 force is substantially identical with that of the first embodiment shown in the graph of Fig. 8.- Therefore, the explanation 
of this relationship is omitted. 

[0081 ] The above-described second embodiment brings substantially the same effects as those of the first embod- 
iment. 

[0082] The present invention should not be restricted to the above-described embodiments. Therefore, this inven- 
ts tion may be embodied in several forms without departing from the technical scope thereof. 

[0083] For example, in the first embodiment, the reaction force adjusting solenoid valve 67 may have a holding posi- 
tion for holding the pressure of reaction force adjusting chamber 66 (by isolating the reaction force adjusting chamber 
66 from both of the low-pressure source R LP and the high-pressure source R H p). Furthermore, in the second embodi- 
ment, it is possible to omit the differential pressure regulating valve 266 from the hydraulic circuit arrangement. In this 
30 case;' the feedback control for equalizing the actual M/C pressure to the target M/C pressure is performed by controlling 
the valve position of the boost ratio adjusting solenoid valve 262.1 - * v^i ; - 

[0084] v* Furthermore, using the boost ratto variable booster.such as the vacuum booster 50 orthe-hydro booster 
250, disclosed in the above-described first arid second embodiments makes it possible to realize so-called "variable 
jumping characteristics." In general, the relationship between a depression force applied on the brake pedal and an 
35 attained "deceleration is as follows. When the depression force is small (i.e.-, when the depressing operation of the brake- 
pedal is in a very beginning stage), the deceleration amount increases at a relatively small rate. On the other hand, 
when the depression force is large (e.g., when the depression amount of the brake pedal reaches a predetermined 
level), the deceleration amount increases at a relatively large rate. Accordingly, the M/C pressure abruptly increases (as 
if it jumps) when the depression amount of the brake pedal reaches the predetermined level. The M/C pressure at this 
40 moment is referred to as Pjump. Meanwhile, the brake stopping distance is dependent on a traveling speed of the vehi- 
cle. Even* if the applied braking force is the same, the brake stopping distance of the vehicle varies according to its 
traveling speed. In view of the above, it is preferable that Pjump is set to a small value when the vehicle traveling speed 
is low and is set to a large value when the vehicle traveling speed is high. In this case, the M/C pressure can be differ- 
entiated in accordance with the vehicle traveling speed even when the same depression force is applied on the brake 
as pedal. Thus, it becomes possible to obtain an appropriate braking force considering the vehicle traveling speed. As a 
result, it becomes possible to reduce a difference of the brake stopping distance between a high-speed traveling con- 
dition and a low-speed traveling condition. In this respect, the conventional vacuum booster uses a fixed value for 
Pjump. On the other hand, the boost ratio variable booster of the above-described embodiments can flexibly change the 
value of Pjump by changing the boost ratio. Thus, the boost ratio variable booster of the above-described embodiments 
so can provide variable jumping characteristics. More specifically, it is possible to increase the boost ratio with increasing 
vehicle traveling speed. The value of PjumpHncreases- when the vehicle traveling speed is large. Hence, it becomes 
possible to reduce a difference of the brake stopping distance between a high-speed traveling condition and a low- 
speed traveling condition. 

[0085] Furthermore, using the above-described boost ratio variable booster makes it possible to realize a so-called 
55 buildup function for increasing the M/C pressure in accordance with the depression time of the bake pedal when a con- 
stant depression force is continuously applied on the brake pedal. The buildup function shortens the brake stopping dis- 
tance. 
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Third Embodiment 



[0086] A third embodiment is explained based on the same system arrangement and the same hydraulic circuit 
arrangement as those of the first embodiment. Namely, a vehicle braking apparatus of the third embodiment has a sys- 
s tern arrangement shown in Fig. 1. A hydraulic circuit arrangement for the vehicle braking apparatus of the third embod- 
iment is shown in Fig. 2. Therefore, the above-described detailed explanation of the first embodiment with reference to 
Figs. 1 and 2 is equally applied to the system arrangement and the hydraulic circuit arrangement of the third embodi- 
ment. 

[0087] Next, an operation of the hybrid vehicle during the brake pedal operation in accordance with the third 

70 embodiment of the present invention will be explained with reference to Fig. 1 3. Fig. 1 3 is a flowchart showing a brake 
control repetitively performed by the brake ECU 40 in response to a depression of the brake pedal BP. According to the 
hybrid vehicle in accordance with the third embodiment of the present invention, when the driver depresses the brake 
pedal BP, the depression force sensor 41 outputs a pedal depression force, serving as a brake pedal input value, to the 
brake ECU 40. The brake ECU 40 obtains a target vehicle braking force corresponding to the pedal depression force 

75 with reference to a map or a table or an equation stored in a memory (refer to step S1 1 0). 

[0088] Next, the brake ECU 40 checks wether or not the regenerative braking device is operable (refer to step 
S120). More specifically, the brake ECU 40 requests the regeneration ECU 10 to collect information relating to the oper- 
ation of the motor 70 as well as information relating to the charging condition of the battery 90. The regeneration ECU 
1 0 inputs the information relating to the operation of the motor 70 from the motor ECU 20 and also inputs the informa- 

20 tion relating to the charging condition of the battery 90 from the battery ECU 30. The regeneration ECU 10 sends the 
collected information to the brake ECU 40. Based on the information relating to the operation of the motor 70, the brake 
ECU 40 makes a judgement as to whether the motor 70 can operate normally or whether input and output lines of the 
motor 70 are broken or short-circuited. Furthermore, based on the information relating to the charging condition of the 
battery 90, the brake ECU 40 makes a judgement as to whether the battery 90 is fully charged. 

25 [0089] When it is judged in the step S120 that the regenerative braking device is operable (i.e., YES in step S120), 
the brake ECU 40 proceeds to a step S130. Namely, the brake ECU 40 proceeds to the step S130 only when the fol- 
% lowing conditions are satisfied; the motor 70 operates normally, the input and output lines of the motor 70 are not broken 
or not short-circuited, and the battery 90 is not fully charged. In the step S130, an assigned braking force is obtained 
by subtracting a minimum braking force (later described) of a hydraulic braking device from the target vehicle braking 

so force obtained in the step S1 10. The assigned braking force thus obtained is transmitted as a requested regenerative 
braking force to the regeneration ECU 10 (refer to step S130). The regeneration ECU 10 causes the motor ECU 20 to 
perform a regeneration control based on the requested regenerative braking force. An actual regenerative braking force 
=\ produced by the motor 70 is detected. The detected actual regenerative braking force is returned as a producible regen- 
• erative braking force to the brake ECU 40. The brake ECU 40 receives the producible regenerative braking force sent 

35 from the regeneration ECU 10 (refer to step S140): The brake ECU 40 obtains a target braking force of the hydraulic 
braking device (i.e., a target hydraulic braking force) which is obtained by subtracting the producible regenerative brak- 
ing force from the target vehicle braking force (refer to step S150). In other words, the target hydraulic braking force is 
equal to a sum of the minimum braking force and a distributive braking force. The distributive braking force is equal to 
a difference between the requested regenerative braking force and the producible regenerative braking force. Then, the 

40 control flow proceeds to step S1 60. - . - 

[0090] - On the other hand, when it is judged in the step S1 20 that the regenerative braking device is inoperable (i.e., 
NO in step S120), the control flow proceeds to step S155. Namely, the brake ECU 40 proceeds to the step S1 55 when, 
the following conditions are satisfied; the motor 70 does not operate normally, or the input and output lines of the motor 
70 are broken or short-circuited, or the battery 90 is fully charged. In the step S155, the target vehicle braking force 

45 obtained in the step S1 1 0 is output as a target hydraulic braking force. Thereafter, the control flow proceeds to the step 
S160. As apparent from the foregoing description, the regenerative braking force is regarded as being equal to zero 
when the regenerative braking device is inoperable. In such a case, all of the target vehicle braking force is supplied 
from the hydraulic braking device. .<■....■ 

[0091] Then, a target M/C pressure corresponding to the target hydraulic braking force of the step S150 or S155 is 
so obtained based on a map or a table or an equation stored in the memory (refer to step SI 60). The boost ratio of vacuum 
■~ booster 50 is controlled by switching the reaction force adjusting solenoid valve 67 in such a manner that the actual M/C 

pressure (i.e., the pressure in the front M/C chamber 51 a) is equalized to the target M/C pressure (refer to step S170). 

More specifically, the boost ratio control is performed in the following manner. The M/C pressure is equal to the W/C 

pressure during an ordinary braking operation (e.g., an ABS non-operating condition). Thus, an oil pressure detected 
55 by a hydraulic sensor provided somewhere in a path connecting the front MIC chamber 51 a to each W/C is compared 

with the target M/C pressure to obtain a difference. A feedback control is performed to eliminate this difference. 

[0092] To judge the operability of the regenerative braking force, it may be possible to omit the judgement of step 

S120 so that the control flow directly proceeds from step 1 1 0 to step 1 30. For example, when the motor 70 is unable to 
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rotate the inoperable condition of motor 70 is detectable in the step S140 because the producible regenerative braking 
force received from the regeneration ECU 1 0 becomes zero in step S140. In this case, the target vehicle braking force 
agrees with the target hydraulic braking force in the step S150. As a result, like the processing of step S155, all of the 
target vehicle braking force is supplied from the hydraulic braking device. However, prosecuting all of the steps SI 30, 
S140 and S1 50 takes a significant time. The overall processing cannot be accomplished promptly. On the contrary, pro- 
viding the step S120 makes it possible to promptly respond to an inoperable condition of the regenerative braking 
device. When the producible regenerative braking force is likely to be zero, the control flow directly proceeds to the step 
S155 to equalize the target hydraulic braking force with the target vehicle braking force. 

[0093] The vacuum booster 50 operates in the same manner as that explained in the first embodiment. Therefore, 
the above-described detailed explanation of the first embodiment with reference to Figs. 2 to 5 is equally applied to the 
vacuum booster 50 of the third embodiment 

[0094] Returning to a step S1 70 in the flowchart shown in Fig. 1 3, the boost ratio control of the booster ts performed 
in the following manner. In the boost ratio control of the booster, the brake ECU 40 is set to the first reaction force mode 
when the target M/C pressure corresponding to a pedal depression force is equal to a M/C pressure corresponding to 
the minimum braking force of the hydraulic braking device, i.e., when the requested regenerative braking force 
(^assigned braking force) is identical with the producible regenerative braking force. In this case, the M/C pressure is 
obtained in accordance With the mechanically determined boost ratio. Thus, the hydraulic braking device produces the 
minimum braking force. On the other hand, the target M/C pressure corresponding to a pedal depression force may 
exceed the M/C pressure corresponding to the minimum braking force of the hydraulic braking device. In other words, 
the requested regenerative braking force (=assigned braking force) may be larger than the producible regenerative 
braking force. In such a case, the brake ECU 40 adequately selects the first reaction force mode or the second reaction 
force mode, i.e., adequately switches the reaction force adjusting solenoid valve 67, to feedback controls the actual M/C 
pressure to the target M/C pressure. With this feedback control, the boost ratio exceeds the mechanically determined 
boost ratio. Thus, the M/C pressure is obtained in accordance with this boost ratio and the target hydraulic braking force 

is attained. . 
[0095] In the graph shown in Fig. 7, when the regenerative braking device is inoperable (i.e., when the judgement 
result of the step S1 20 is NO), the target M/C pressure agrees with the target vehicle braking force. The M/C pressure 
is represented by a point on the straight line H corresponding to its pedal depression force. 

[0096] ■ In the graph of Fig. 8, no generative braking force is available in the beginning of the depression of the brake 
pedal BP (refer to phase I). Thus, the judgement result becomes NO in step S120 of Fig. 1 3. All of the assigned braking 
force (= requested regenerative braking force) is produced by the hydraulic braking device. The boost ratio of the 
booster is controlled so as to obtain the target vehicle braking force which is a sum of the minimum braking force of the 
hydraulic braking device and the assigned braking force. In this case, the boost ratio of the booster agrees with the 
straight line H shown in Fig. 7. Thereafter, due to some amount of discharging, the battery 90 comes to a condition that 
the regenerative braking force is producible. Thus, the judgement result becomes YES in step S1 20 of Fig. 1 3. The pro- 
ducible regenerative braking force gradually increases (refer to phase II). The distributive braking force is obtained by 
subtracting the producible regenerative braking force from the assigned braking force. The boost ratio of the booster is 
controlled so as to obtain a sum of the distributive braking force thus obtained and the minimum braking force. In this 
case, the boost ratio of the booster varies in the range between the straight line H and the straight line L shown in Fig. 
7. Furthermore, when the producible regenerative braking force is maximized (refer to phase III), all of the assigned 
braking force is supplied from the regenerative braking device. Accordingly, the boost ratio of the booster is controlled, 
so as to cause the hydraulic braking device to produce the minimum braking force. In this case, the boost ratio of the 
booster agrees with the straight line L shown in Fig. 7. Thereafter, the producible regenerative braking force gradually 
decreases (refer to phase IV). THe distributive braking force is obtained by subtracting the producible regenerative brak- 
ing force from the assigned braking force. The boost ratio of the booster is controlled so as to obtain a sum of the dis- 
tributive braking force thus obtained and the minimum braking force. In this case, the boost ratio of the booster vanes 
in the range between the straight line H and the straight line L shown in Fig. 7. 

[0097] Like Fig. 8, Fig. 1 4 is a graph showing the relationship between the depression time of the brake pedal BP 
and the vehicle braking force. This graph is drawn based on the assumption that no regenerative braking force is avail-, 
able all the time due to failure or damage of the motor 70. In the graph of Fig. 14, the generative braking force is not 
available all the time from the beginning of the depression of the brake pedahBP. Thus, the judgement result always 
becomes NO in step S120 of Fig. 13. The boost ratio of the booster is controlled in such a manner that all of the target 
vehicle braking force is supplied from the hydraulic braking device. In this case, the boost ratio of the booster agrees 
with the straight line H shown in Fig. 7. 

[0098] The depression force sensor 41 of this embodiment serves as input value detecting means of the present 
invention. The brake ECU 40 serves as target vehicle braking force output means, assigned braking force output 
means, auxiliary brake operability judging means, and brake control means of the present invention. In the flowchart of 
Fig. 13, the step S1 10 represents the processing performed by the target vehicle braking force output means, the step 
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S120 represents the processing of the auxiliary brake operability judging means, the step S130 represents the process- 
ing of the assigned braking force output means, and steps S150, S155, S160, and S170 represent the processing of 
the brake control means. 

[0099] As described above, the third embodiment has the following effects. 

© The hydraulic braking device always operates to attain the target vehicle braking force. Thus, it becomes possi- 
ble to realize the cooperative control without using a conventional cooperative control valve which performs the 
valve switching operation for selectively actuating or deactivating the hydraulic braking device. The hydraulic brake 
device is controlled so as to promptly respond to an inoperable condition of the regenerative braking device, 
(g) When the producible regenerative braking force is not smaller than the assigned braking force (i.e., requested 
regenerative braking force), all of the assigned braking force is supplied from the regenerative braking device. 
When the producible regenerative braking force is smaller than the assigned braking force, the hydraulic braking 
force is added as a supplement for filling a lack of braking force. In other words, the assigned braking force is sup- 
. plied from the regenerative braking device as much as possible. This is effective to suppress the abrasion of the 
brake pad or the brake shoe used in the hydraulic braking device. The regeneration efficiency can be increased. 
® The vacuum booster 50 forcibly changes the reaction force of the pedal input shaft to adjust the boost ratio. 
Thus, it becomes possible to provide a relatively simple arrangement for adjusting the boost ratio. 
® The hydraulic braking device includes the vacuum booster 50 at the upstream side of the M/C 51 , The vacuum 
booster 50 is equipped with the boost ratio adjusting mechanism. Thus, it is possible to employ a hydraulic circuit 
arrangement in which the M/C pressure agrees with the W/C pressure during an ordinary braking operation. In 
other words, the present invention does not require a conventional fail-safe mechanism (i.e., valves SMC1 and 
SMC2 and associated oil supply passage extending from M/C to corresponding W/C shown in Fig. 24). The circuit 
arrangement of the hydraulic braking device can be simplified. 



25 Fourth Embodiment 

S [0100] The fourth embodiment differs from the third embodiment in that the vacuum booster 50 is replaced by the 
* hydro booster 250 disclosed in the second embodiment , 
[0101] * The hydro booster 250 operates in the same manner as that explained in the second embodiment. There- 
to fore, the above^described detailed explanation of the second embodiment with reference to Figs. 9 to 12 is equally . 
applied to the hydro booster 250 of the fourth embodiment. 

[0102] The operation of the hybrid vehicle during a brake pedal operation in the fourth embodiment is performed in 
r the same'manner as in the third embodiment Namely, the brake control of the hybrid vehicle of the fourth embodiment 
is performed in accordance with the flowchart shown in Fig. 1 3, although the boost ratio control in the step SI 70 is per- 

35 formed by the hydro booster 250r r- ' r ~ "« ^' : " ?. ■"' ; -. ~ f :*:\'r>rv : • e- — ~\ - - 

[0103] According to the fourth embodiment, in the step S1 70 of the flowchart shown in Fig. 1 3, the boost ratio con- 
trol of the booster is performed in the following manner. In the boost ratio control of the booster, the brake ECU 40 is 
set to the first output mode when the target M/C pressure corresponding to a pedal depression force is equal to a M/C 
pressure corresponding to the minimum braking force of the hydraulic braking device, i.e., when the requested regen- 

40 erative braking force (^assigned braking force) is identical with the producible regenerative braking force. In this case, 
the M/C pressure is obtained in accordance with the mechanically determined boost ratio. Thus, the hydraulic braking 
device produces the minimum braking force. On the other hand, the target M/C pressure corresponding to a pedal 
depression force may exceed the M/C pressure corresponding to the minimum braking force of the hydraulic braking 
device. In other words, the requested regenerative braking force (^assigned braking force) may be larger than the pro- 

45 ducible regenerative braking force. In such a case, the brake ECU 40 is set to the second output mode and the valve 
opening pressure of the differential pressure regulating valve 266 is adequately changed to equalize the actual M/C 
pressure to the target M/C pressure. With this control, the boost ratio exceeds the mechanically determined boost ratio. 
Thus, the M/C pressure is obtained in accordance with this boost ratio and the target hydraulic braking force is attained. 
In the control of the valve opening pressure of the differential pressure regulating valve 266, it is preferable to obtain a 

so valve opening pressure corresponding to the target M/C pressure by using a map or a table or an equation which is 
stored beforehand* in a memory. The feedback control is performed so as to equalize the valve opening pressure of the 
differential pressure regulating valve 266 with the obtained valve opening pressure. 

[01 04] The relationship between the pedal depression force and the M/C pressure is substantially identical with that 
of the first embodiment shown in the graph of Fig. 7. In the fourth embodiment, the straight line L represents the char- 
55 acteristics of the first output mode. The region between the straight line L and the straight line H represents the charac- 
teristics of the second output mode. According to the first output mode, the M/C pressure is substantially dependent on 
the mechanically determined boost ratio. The M/C pressure is thus determined in proportion to the pedal depression 
force (refer to the straight line L). According to the second output mode, the boost ratio changes in accordance with the 
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valve opening pressure of the differential pressure regulating valve 266. Thus, the M/C pressure responsive to the pedal 
depression force varies in the region between the straight line L and the straight line H. 

[0105] Furthermore, the relationship between the depression time of the brake pedal BP and the vehicle braking 
force is substantially identical with that of the third embodiment shown in the graphs of Figs. 8 and 14. Therefore, the 
detailed explanation of the graphs of Figs. 8 and 1 4 in the third embodiment is equally applied to the fourth embodiment. 
Thus, the fourth embodiment brings substantially the same effects as those of the third embodiment. 



Fifth Embodiment 



[0106] Fig. 15 is a block diagram showing a system arrangement of a vehicle braking apparatus in accordance with 
a fifth embodiment of the present invention. Fig. 1 6 is a diagram showing a hydraulic circuit arrangement for the vehicle 
braking apparatus in accordance with the fifth embodiment of the present invention. The hybrid vehicle of the fifth 
embodiment is similar to that of the first embodiment but different in its detailed system arrangement that the vacuum 
. booster 50 is replaced by a first check valve 352 maintaining the W/C pressure at a level not lower than the M/C pres- 
sure and a brake fluid supply section 360 controlling a brake fluid pressure transmitted to the W/C based on a control 
signal sent from the brake ECU 40. In the explanation of the hybrid vehicle of the fifth embodiment, the same compo- 
nents as those disclosed in the first embodiment are denoted by the same reference numerals and will not be explained. 
[0107] The hydraulic circuit arrangement for the hydraulic braking device of the fifth embodiment will be explained 
with reference to Fig. 1 6. A M/C 351 comprises a M/C piston 351 a which in slidable against a resilient force of a return 
spring 351b when the brake pedal BP is depressed. The M/C 351 produces a M/C pressure corresponding to a depres- . 
sion force applied onthe brake pedal BP. If necessary, a booster can be provided in the M/C 351 . 
[0108] The M/C 351 is connected to a W/C of each wheel via an oil passage 306. The first check valve 352 and a 
W/C linear valve 353 are connected in parallel with each other in the oil passage 306. The first check valve 352 is pro- 
vided in a first oil passage 306a connecting the M/C 351 to the W/C of each wheel. When the W/C pressure is lower 
than the M/C pressure, the first check valve 352 allows the brake fluid to flow from the M/C 351 to the W/C of each 
wheel. Thus, the first check valve 352 maintains the W/C pressure at a level not lower than the M/C pressure. The W/C 
linear valve 353 is provided in a second oil passage 306b connecting the M/C 351 to the W/C of each wheel. The W/C 
linear valve 353 is selectively switched between two positions in response to supply of electric power. When no electric 
power is supplied, the W/C linear valve 353 always opens the second oil passage 306b. When electric power is sup- 
plied; the W/C linear valve 353 opens the second oil passage 306b only when it receives a predetermined valve open- 
ing pressure. In other words, the W/C linear valve 353 acts as a differential pressure regulating valve under supply of „ 
electric'power (refer to Fig. 1 6);The brake ECU 40 adjusts the valve opening pressure of the W/C linear valve 353 serv- 
ing as the differential pressure regulating valve. . , . : -..„.. 
[0109] - :r An oil pressure sensor 358 is provided between the M/C 351 and the W/C linear valve 353 for detecting the. 
M/C pressure ih'the oil passage 306: The M/C pressure detected by the oil pressure sensor 358 is sent to the brake; 
ECU 40. : An outlet port of a hydraulic pump 354 is connected to the oil passage 206 between the W/C linear valve 353 • 
and the W/C of each wheel. The hydraulic pump 354 is activated or deactivated in accordance with a control signal sent 
from the brake ECU 40. The hydraulic pump 354, when activated, pumps the brake fluid from the reservoir 355 and sup- 
plies pressurized brake fluid to the W/C of each wheel. The hydraulic pump 354 and the W/C linear valve 353 cooper- 
atively constitute the brake fluid supply section 360. The reservoir 355 is provided separately from a M/C reservoir (not 

Shown). ,r/ " rL "' 1 V U . .• . - .... i L 

[0110] e:r " An oil passage 307 connects an intermediate point of the W/C linear valve 353 and the M/C 351 to the res- 
ervoir 355. A stroke simulator valve 356 and a second check valve 357 are connected in parallel with each other in the 
oil passage 307. When no electric power is supplied, the stroke simulator valve 356 disconnects the M/C 351 from the 
reservoir 355. When electric power is supplied, opening and closing of the stroke simulator valve 356 is switched at a 
predetermined valve opening pressure, in other words, the stroke simulator valve 356 acts as a differential pressure 
regulating valve undersupply of electric power (refer to Fig. 16). The brake ECU 40 adjusts the valve opening pressure 
of the stroke simulator valve 356 serving as the differential pressure regulating valve. The valve opening pressure of the 
stroke simulator valve 356 should be determined considering the depression feeling of the brake pedal BR For example, 
it is preferable to obtain a valve opening pressure of the stroke simulator valve 356 corresponding to a M/C pressure 
detected by the oil pressure sensor 358 with reference to a map, or a table or an equation- which us stored beforehand 
in a memory. When the brake pedal BP is released, the M/C piston 351a returns to the home position by the resilient 
force of the return spring 351 b. In this case, the brake fluid of the reservoir 355 is supplied via the second check valve 
357 to the M/C 351 until the brake fluid amount in the M/C 351 restores to an initial amount. Thus, the oil amount flowing 
into the reservoir 355 is kept at a constant value. 

[0111] Fig. 17 is a cross-sectional view showing an example of the W/C linear valve 353. The W/C linear valve 353 
chiefly consists of a guide 531 , a seat valve 532, a coil 533, a plunger 536, and a shaft 537. The guide 531 , made of a 
magnetic member, has a vertical through hole 531a extending along an axis of a cylindrical body thereof. Furthermore, 
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the guide 531 has a lateral through hole 531 b extending in a direction substantially normal to the vertical through hole 
531 a. The seat valve 532 is press fitted into the vertical through hole 531 a so as to be positioned lower than the lateral 
through hole 531b. The seat valve 532 is a cylindrical body having a through hole 532a extending in the axis direction 
thereof. 

5 [0112] The coil 533 serving as a solenoid is housed in a yoke 534 positioned above the guide 531 . The coil 533 is 
electrically connected to the brake ECU 40. The brake ECU 40 selectively activates or deactivates the coil 533 and con- 
trols a current amount flowing across the coil 533. A sleeve 535, made of a non-magnetic member, is disposed inside 
the coil 533. The plunger 536 is a movable iron core accommodated in an side space of the sleeve 535 so as to be sli- 
dable in the axial direction. A shaft 537, made of a non-magnetic member, is caulked into an axial bore of the plunger 

10 536. The plunger 536 and the shaft 537 are integrally slidable in the axial direction. The shaft 537 has a valve oody 537a 
opposing to a seat surface 532b of the seat valve 532. Furthermore, the shaft 537 has a flange 537b. A spring 538 is 
interposed between the flange 537b and the seat valve 532. The spring 538 resiliently urges the shaft 537 and the 
plunger 536 upward. The vertical through hole 531a can communicate with the lateral through hole 531 b via the seat 
valve 532, or via the first check valve 352 accommodated in the W/C linear valve 353. 

15 [0113] The W/C linear valve 353 communicates with the W/C of each wheel and W/C 51 . The vertical through hole 
531 a of the guide 531 has a lower opening communicating with the W/C of each wheel. The lateral through hole 531 b 
of the guide 531 communicates with the M/C 351. When no electric power is supplied to the coil 533, the valve body 
537a is separated upward from the seat surface 532b by the resilient force of the spring 538. In this case, the W/C linear 
valve 353 is in an opened condition (i.e., normal opened condition). When electric power is supplied to the coil 533, the 

20 coil 533 generates an attraction force in accordance with a current amount. With this attraction force, the guide 531- 
attracts the plunger 536. The valve body 537a is stopped at a position where the attraction force is balanced with the 
resilient force of the spring 538. More specifically, the following relationship is established in the balance condition. 

Fi = Fs + P x S 

25 

where R represents an attraction force, Fs represents a spring force, P represents a valve opening pressure, S repre- 
t ;i sents an area of the oil passage in the seat valve. 

[0114] The first check valve 352 allows the brake fluid to flow from the M/C 351 to the W/C when the M/C pressure 

is higher than the W/C pressure. The first check valve 352 prevents the brake fluid from flowing from the W/C to the M/C . 
30 351 when the M/C pressure is lower than the W/C pressure. In the latter case, the brake fluid flows from the W/C to the 

M/C 351 via the seat valve 532.- - ; " - ■• . . • -. 

[01 1 5] : Fig. 1 8 is a cross-sectional view showing an example of the stroke simulator valve 356. The stroke simulator 
> valve 356 chiefly consists of a guide 561 , a seat valve 562, a coil 563, a plunger 566, and a shaft 567. The guide 561, 

made of a non-magnetic member, has a vertical through hole 561 a extending along an axis of a cylindrical body thereof. 
35 Furthermore, the guide 561 has a lateral through hole 561 b extending in a direction substantially normal to the vertical - 

through hole 561a. The seat valve 562 is press fitted into the vertical through hole 561a so as to be positioned lower 

than the lateral through hole 561 b. The seat valve 562 is a cylindrical body having a through hole 562a extending in the 

axis direction thereof. - . - : ... 

[0116] The coil 563 serving as a solenoid is housed in a yoke 564 positioned above the guide 561 . The coil 563 is 

40 electrically connected to the brake ECU 40. The brake ECU 40 selectively activates or deactivates the coil 563 and con- 
trols a current flowing across the coil 563. A sleeve 565, made of a non-magnetic member, is disposed inside the coil 
563. The plunger 566 is a movable iron core accommodated in an side space of the sleeve 565 so as to be slidable in 
the axial direction. A core stator 569, made of a magnetic member, is disposed above the plunger 566. A spring 568 is 
interposed between the core stator 569 and the plunger 566. A shaft 567, made of a non-magnetic member, is caulked 

45- into an axial bore of the plunger 566. The plunger 566 and the shaft 567 are integrally slidable in the axial direction. The 
shaft 567 has a valve body 567a opposing to a seat surface 562b of the seat valve 562. The spring 568 resiliently urges 
the shaft 567 and the plunger 566 downward. The vertical through hole 561 a can communicate with the lateral through 
hole 561 b via the seat valve 562, or via the second check valve 357 accommodated in the stroke simulator valve 356. 
[0117] • The stroke simulator valve 356 communicates with the W/C of each wheel and W/C 351. The vertical 

so through hole 561a of the guide 561 has a lower opening communicating with the M/C 351. The lateral through hole 
561b of the guide 561 -communicates with the reservoir 355. When no electric power is supplied to the coil 563, the 
valve body 567a is brought into contact with the seat surface 562b by the resilient force of the spring 568. In this case, 
the stroke simulator valve 356 is in a closed condition (i.e., normal opened condition). When electric power is supplied 
to the coil 563, the coil 563 generates an attraction force in accordance with a current amount With this attraction force, 

55 the core stator 569 attracts the plunger 566. The valve body 567a is stopped at a position where the attraction force is 
balanced with the resilient force of the spring 568. 

[0118] The second check valve 357 allows the brake fluid to flow from the reservoir 355 to the M/C 351 when the 
reservoir pressure is higher than the M/C pressure. The second check valve 357 prevents the brake fluid from flowing 
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from the M/C 351 to the reservoir 355 when the reservoir pressure is lower than the M/C pressure. In the latter case, 
the brake fluid flows from the M/C 351 to the reservoir 355 via the seat valve 562. 

[011 9] Next, an operation of the hybrid vehicle during the brake pedal operation in accordance with the fifth embod- 
iment of the present invention will be explained with reference to Fig. 1 9. Fig. 1 9 is a flowchart showing a brake control 
repetitively performed by the brake ECU 40 in response to a depression of the brake pedal BR When the vehicle is 
cruising (i.e., when the brake pedal BP is not depressed), no electric power is supplied to the W/C linear valve 353 and 
the stroke simulator valve 356. When the brake pedal BP is depressed, electric power is supplied to the W/C linear valve 
353 and the stroke simulator valve 356 each acting as a differential pressure regulating valve (refer to Rg. 1 6). 
[0120] When the driver depresses the brake pedal BP, the depression force sensor 41 outputs a pedal depression 
force, serving as a brake pedal input value, to the brake ECU 40. The brake ECU 40 obtains a target vehicle braking 
force corresponding to the pedal depression force with reference to a map or a table or an equation stored in a memory, 
and inputs the M/C pressure from the oil pressure sensor 358 (refer to step S21 0). 

[0121] Next, the brake ECU 40 checks wether or not the regenerative braking device is operable (refer to step 
S220). The judgement of step S220 is performed in the same manner as in the step S120 of the third embodiment. 
Therefore, the processing in the step S220 will not be explained in detail. When the brake ECU 40 judges that the 
regenerative braking device is operable (i.e., YES in S220), the brake ECU 40 obtains an assigned braking force by 
subtracting a braking force generated by the M/C pressure (i.e., a minimum braking force of the hydraulic braking 
device) from the target vehicle braking force obtained in the step S210. The assigned braking force thus obtained is 
transmitted as a requested regenerative braking force to the regeneration ECU 1 0 (refer to step S230). The regenera- 
tion ECU 1 0 causes the motor ECU 20 to perform a regeneration control based on the requested regenerative braking 
force. An actual regenerative braking force produced by the motor 70 is detected. The detected actual regenerative 
braking force is returned as a producible regenerative braking force to the brake ECU 40. The brake ECU 40 receives 
the producible regenerative braking force sent from the regeneration ECU 10 (refer to step S240). The brake ECU 40 
obtains a target braking force of the hydraulic braking device (i.e., a target hydraulic braking force) which is obtained by 
subtracting the producible regenerative braking force from the target vehicle braking force (refer to step S250). In other 
words, the target hydraulic braking force is equal to a sum of the braking force generated by the M/C pressure and a 
distributive braking force. The distributive braking force is equal to a difference between the requested regenerative 
braking force and the producible regenerative braking force. Then, the control flow proceeds to step S260. 
[01 22] On the other hand, when it is judged in the step S220 that the regenerative braking device is inoperable (i.e., 
NO in step S220), the control flow proceeds to step S255. In the step S255, the target vehicle braking force obtained in 
the step S210 is output as a target hydraulic braking force. Thereafter, the control flow proceeds to the step S260. As 
apparent from the foregoing description, the regenerative braking force is regarded as being equal to zero when the 
regenerative braking device'is inoperable.. In such a case, all of the target vehicle braking force is supplied from the 
hydraulic braking device.'-' ■-• - - v;^ •* - ~" ' - i-v- ■ ; .~ Vc-^ 

[0123] ( They; a target W/C pressure corresponding to the target hydraulic braking force of the step S250 or S255 is 
obtained based on a map or a table or an equation stored in the memory (refer to step S260). The valve opening pres- 
sure of the W/C linear valve 353 and the hydraulic pump 354 are controlled in such a manner that the actual W/C pres- 
sure is equalized to the target W/C pressure (refer to step S270). The W/C pressure is equal to a sum of the M/C 
pressure and the valve opening pressure (i.e., W/C pressure = M/C pressure + valve opening pressure )..Thus, in the 
control of the valve opening pressure of the W/C linear valve 353, the valve opening pressure is set to be equal to a 
value obtained by subtracting the M/C pressure from the target W/C pressure. -.: ' 
[0124] - c To detect the operability of the regenerative braking device, it may be possible to omit the judgement of step 
S220 so that the control flow directly proceeds from step 21 0 to step 230. In this case, like the processing of step S255, 
it is possible to supply all of the target vehicle braking force from the hydraulic braking device. However, prosecuting all 
of the steps S230, S240, and S250 takes a significant time: The overall processing cannot be accomplished promptly. 
On the contrary, providing the step S220 makes it possible to promptly respond to an inoperable condition of the regen- 
erative braking device. 

[0125] According to the fifth embodiment, when the hydraulic pump 354 is failed, the brake ECU 40 deactivates the 
M/C linear valve 353 and the stroke simulator valve 56. Namely, no electric power is supplied to the M/C linear valve 
353 and the stroke simulator valve 356. The M/C linear valve 353 is kept opened, while the stroke simulator valve 356 
is closed. The W/C pressure is equalized to the M/C pressure. Thus, it is possible to apply the minimum braking force 
to the vehicle. Thereafter, when the brake pedal BP is released, the M/C pressure decreases and the W/C pressure 
decreases correspondingly. Furthermore, as the stroke simulator valve 356 is closed, the M/C 351 is isolated from the 
reservoir 355. It is possible to prevent the brake pedal BP from causing a useless stroke. In this respect, the conven- 
tional system shown in Fig. 24 always supplies the oil to the stroke simulator SSI. It is therefore necessary, in case of 
failure, to supply the oil to both of the W/C and the stroke simulator SSI. The relationship between the deceleration and 
the depression force as well as the relationship between the deceleration and the pedal stroke are differentiated from 
the normal ones. On the other hand, according to the fifth embodiment, the relationship between the deceleration and 
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the pedal stroke remains unchanged. 

[0126] However, if the hydraulic pump 354 and the W/C linear valve 353 are failed simultaneously, the W/C linear 
valve 353 will not be switched from the activated condition to the deactivated condition. Even in such a case, the first 
check valve 352 is surely opened evert time the M/C pressure exceeds the W/C pressure in response to the depression 
of the brake pedal BR Thus, the W/C pressure is equalized to the M/C pressure. The hydraulic braking device can apply 
the minimum braking force to the vehicle, thereby assuring the fail safe. In this condition, the W/C pressure does not 
reduce after the brake pedal BP is released. It is however not problem from the view point of the fail safe. In other words, 
according to the fifth embodiment, even when the hydraulic pump 354 is failed and the W/C linear valve 353 cannot be 
deactivated, the presence of the first check valve 352 assures the fail safe mechanism for applying the minimum braking 
force to the vehicle. 

[0127] Rg. 20 is a graph showing the relationship between the pedal depression force and the W/C pressure. The 
valve opening pressure control of the W/C linear valve 353 in the step S270 shown in Fig. 1 9 is performed in the follow- 
ing manner. When the producible regenerative braking force is a maximum value, i.e., when the producible regenerative 
braking force is equal to the requested regenerative braking force, the brake ECU 40 equalizes the valve opening pres- 
sure to a minimum value (i.e., zero). In this case, the relationship between the pedal depression force and the W/C pres- 
sure is represented by the straight line L shown in Fig. 20. The straight line L represents the characteristics of the 
minimum braking force of the hydraulic braking device. The minimum braking force of hydraulic braking device is set to 
be not smaller than a minimum vehicle braking force required according to law regulations. When the producible regen- 
erative braking force is a minimum value (i.e., zero), e.g., when the judgement result of step S220 is NO in the flowchart 
of Fig. 1 9, the brake ECU 40 sets the valve opening pressure so that the relationship between the pedal depression 
force and the W/C pressure is represented by a straight line H shown in Fig. 20. Namely, the braking force of the hydrau- 
lic braking device is equalized to the target vehicle braking force. Furthermore, when the producible regenerative brak- 
ing force is an intermediate value between zero and the maximum value, the brake ECU 40 sets the valve opening 
pressure so that the relationship between the pedal depression force and the W/C pressure exists somewhere in a 
region between the straight line L and the straight line H shown in Fig. 20. 

[0128] The relationship between the depression time of the brake pedal BP and the vehicle braking force is sub- 
stantially identical with that of the third embodiment shown in the graphs of Figs. 8 and 14. 

[0129] In the graph of Rg. 8, no generative braking force is available in the beginning of the depression of the brake 
pedal BP (refer to phase l).Thus, the judgement result becomes NO in the step S220 of Rg. 1 9. All of the assigned brak- 
ing force (= requested regenerative braking force) is produced by the hydraulic braking device. The valve opening pres- 
sure of the W/C linear valve 353 is controlled so as to obtain the target vehicle braking force which is a sum of .the 
minimum braking force of the hydraulic braking device and the assigned braking force. In this case, the W/C pressure 
agrees with the straight line H shown in Fig. 20; Thereafter, due to some amount of discharging, the battery 90 comes 
to a condition that the regenerative braking force is producible. The judgement result becomes YES in the step S220 of 
Fig. 19. The producible regenerative braking force gradually increases (refejto phase II). The distributive braking force* 
is obtained by subtracting the producible regenerative braking force from the assigned braking force. The valve opening 
pressure is controlled so as to correspond to the distributive braking force thus obtained. In this case, the W/C pressure 
varies in the range between the straight line H and the straight line L shown in Rg. 20. Furthermore, when the produc- 
ible regenerative braking force is maximized (refer to phase III), all of the assigned braking force is supplied from the 
regenerative braking device. Accordingly, the valve opening pressure is controlled so as to be zero. In this case, the. 
W/C pressure agrees with the M/C pressure. Namely, the W/C pressure is represented by the straight line L shown in 
Rg. 20. Thereafter, the producible regenerative braking force gradually decreases (refer to phase IV). The distributive 
braking force is obtained by subtracting the producible regenerative braking force from the assigned braking force. The 
valve opening pressure is controlled so as to correspond to the distributive braking force thus obtained. In this case, the 
W/C pressure varies in the range between the straight line H and the straight line L shown in Fig. 20. - : , 

[0130] In the graph of Fig. 14, the generative braking force is not available all the time from the beginning of the 
depression of the brake pedal BR Thus, the judgement result always becomes NO in step S220 of Fig. 19. The valve 
opening pressure of the W/C linear valve is controlled in such a manner that all of the target vehicle braking force is sup- 
plied from the hydraulic braking device. In this case, the W/C pressure agrees with the straight line H shown in Fig. 20. 
[0131] In the fifth embodiment, the first check valve 352 serves as check valve of the present invention. The hydrau- 
lic pump 354 serves as pump of the'present invention. The W/C linear valve 353 serves as the control valve of the 
present invention. The depression force sensor 41 serves as input value detecting means of the present invention. The 
brake ECU 40 serves as target vehicle braking force output means, assigned braking force output means, auxiliary 
brake operability judging means, and brake control means of the present invention. In the flowchart of Fig. 1 9, the step 
S21 0 represents the processing performed by the target vehicle braking force output means, step S220 represents the 
processing of the auxiliary brake operability judging means, step S230 represents the processing of the assigned brak- 
ing force output means, and steps S250, S255, S260 and S270 represent the processing of the brake control means. 
[0132] As described above, the fifth embodiment has the following effects. 
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© The hydraulic braking device always operates to attain the target vehicle braking force. Thus, it becomes possi- 
ble to realize the cooperative control without using a conventional cooperative control valve or switching solenoid 
valves which selectively actuate or deactivate the hydraulic braking device. The hydraulic circuit arrangement can 
be simplified. Presence of the first check valve 352 ensures the fail safe mechanism. Furthermore, the hydraulic 

5 brake device is controlled so as to promptly respond to an inoperable condition of the regenerative braking device. 

© When the producible regenerative braking force is not smaller than the assigned braking force (i.e., requested 
regenerative braking force), all of the assigned braking force is supplied from the regenerative braking device. 
When the producible regenerative braking force is smaller than the assigned braking force, the hydraulic braking 
force is added as a supplement for filling a lack of braking force. In other words, the assigned braking force is sup- 

w plied from the regenerative braking device as much as possible. This is effective to suppress the abrasion of the 
brake pad or the brake shoe used in the hydraulic braking device. The regeneration efficiency can be increased, 
(g) The brake fluid supply section 360 can be simplified by using the hydraulic pump 354 and the W/C linear valve 
353. 

@ The stroke simulator valve 356, generating a pedal stroke in response to a brake pedal input, improves the brake 
is feeling. 

© When the M/C pressure exceeds the W/C pressure in response to the depression of the brake pedal BP, the 
W/C pressure can immediately agree with the M/C pressure by the presence of the first check valve 352. Thus, 
adequate brake response can be realized. 

20 [0133] The present invention should not be restricted to the above-described third to fifth embodiments. Therefore, 
this invention may be embodied in several forms without departing from the technical scope thereof. 
[0134] For example, according to the above-described third to fifth embodiments, to perform the cooperative con- 
trol the brake ECU 40 obtains the information relating to the operability of the regenerative braking device from the 
regeneration ECU 1 0 and performs the judgement in the step S1 20 of Fig.. 13 or in the step S220 of Fig. 1 9. However, 

25 it is possible for the brake ECU 40 to check the operating condition of the motor 70 by monitoring a current value or a 
voltage value of the motor 70. Furthermore, it is possible for the brake ECU 40 to check the breakage and/or short-cir- 
cuit of the communication lines or disconnection of the connectors through monitoring signals of monitoring lines con- 
necting the regeneration ECU 10 to respective ECUs 20, 30 and 40. - 

[0135] ' Furthermore; according to the above-described third to fifth embodiments, the fully charged condition of the 

30 battery is regarded as one aspect of the inoperable condition of the regenerative braking device. However, in view of 
the fact that the regenerative braking device is in good order, it is possible to judge that the regenerative braking device 
is operable: In this case, the inoperable condition of the regenerative braking device is detected only when the regen- 
erative braking device is failed or damaged. v - v *'— >; ■ • -->. ; -■.*■■> - - . . 
[0136] : Furthermore, in the above-described third and fourth embodiments, it is possible to equalize the boost ratio 

35 for attaining all of' the target vehicle braking force by the hydraulic braking device to the maximum boost ratio of the - 
booster. More specifically, in the example of the third embodiment, the maximum boost ratio of the booster is the boost 
ratio in the second reaction force mode, i.e., the boost ratio in the condition where the reaction force adjusting solenoid 
valve 67 connects the reaction force adjusting chamber 66 to the high-pressure source Rhr This boost ratio is equal- 
ized to the boost ratio for attaining all of the target vehicle braking force by the hydraulic braking device. In this case, 

40 only necessary thing is to hold the reaction force adjusting solenoid valve 67 at a position for connecting the reaction 
force adjusting chamber 66 to the high-pressure source R HP when the control flow proceeds to the step S155 as a 
resultof denial (NO) in the steps 120 of Fig. 13. Thus, the processing is very simple; " - z:z~-~. . 

[0137] 1 Furthermore, the above-described fifth embodiment can be modified to employ a hydraulic circuit arrange- 
ment shown in Fig. 21 . The hydraulic circuit arrangement shown in Fig. 21 differs from the circuit arrangement shown - 

45 in Fig: 1 6 in that the second oil passage 306b and the W/C linear valve 353 are omitted and, instead, another oil pas- 
sage 308 and a W/C linear valve 453 (normal close type) are provided. The oil passage 308 extends from the first check 
valve 352 to the reservoir 355. The W/C linear valve 463 is provided in the oil passage 308. In this case, the brake con- 
trol is performed in the same manner as in the fifth embodiment. The valve opening pressure control in the step S270 
of Fig. 19 is performed in the following manner. When the producible regenerative braking force is a maximum value, 

so i e when the producible regenerative braking force is equal to the requested regenerative braking force, the valve 
" " opening pressure of the W/C linear valve 453 is equalized to zero so that the W/C pressure agrees with the M/C pres- 
sure. When the producible regenerative braking force is a minimum value (i.e., zero), the valve opening pressure of the 
W/C linear valve 453 is equalized to the maximum value so that the hydraulic braking pressure agrees with the target 
vehicle braking force. Furthermore, when the producible regenerative braking force is an intermediate value between 

55 zero and the maximum value, the valve opening pressure of the W/C linear valve 453 is set to be a value between the 
minimum value and the maximum value. Thus, it is possible to obtain substantially the same effects as those of the fifth 
embodiment. 
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Sixth Embodiment 

[0138] The sixth embodiment is explained based on the same system arrangement and the same hydraulic circuit 
arrangement as those of the fifth embodiment. Namely, a vehicle braking apparatus of the sixth embodiment has a sys- 
5 tern arrangement shown in Fig. 15. A hydraulic circuit arrangement for the vehicle braking apparatus of the sixth embod- 
iment is shown in Fig. 16. Therefore, the above-described detailed explanation of the fifth embodiment with reference 
to Figs. 1 5 to 1 8 is equally applied to the system arrangement and the hydraulic circuit arrangement of the sixth embod- 
iment. 

[0139] Next, an operation of the hybrid vehicle during the brake pedal operation in accordance with the sixth 

10 embodiment will be explained with reference to Fig. 22. Fig. 22 is a flowchart showing a brake control repetitively per- 
formed by the brake ECU 40 in response to a depression of the brake pedal BR When the vehicle is cruising (he., when 
the brake pedal BP is not depressed), no electric power is supplied to the W/C linear valve 353 and the stroke simulator 
valve 356. When the brake pedal BP is depressed, electric power is supplied to the W/C linear valve 353 and the stroke 
simulator valve 356 each acting as a differential pressure regulating valve (refer to Fig. 16). 

is [0140] When the driver depresses the brake pedal BP, the depression force sensor 41 outputs a pedal depression 
force, serving as a brake pedal input value, to the brake ECU 40. The brake ECU 40 obtains a target vehicle braking 
force corresponding to the pedal depression force with reference to a map or a table or an equation stored in a memory, 
and inputs the M/C pressure from the oil pressure sensor 358 (refer to step S310). Next, an assigned braking force is 
obtained by subtracting a braking force generated by the M/C pressure (i.e., a minimum braking force of the hydraulic 

20 braking device) from the target vehicle braking force. The assigned braking force thus obtained is transmitted as a 
requested regenerative braking force to the regeneration ECU 10 (refer to step S320). The regeneration ECU 10 
causes the motor ECU 20 to perform a regeneration control based on the requested regenerative braking force. An 
actual regenerative braking force produced by the motor 70 is detected. The detected actual regenerative braking force 
is returned as a producible regenerative braking force to the brake ECU 40. The brake ECU 40 receives the producible 

25 regenerative braking force sent from the regeneration ECU 1 0 (refer to step S330). The brake ECU 40 obtains a target 
braking force of the hydraulic braking device (i.e., a target hydraulic braking force) which is obtained by subtracting the 
J i producible regenerative braking force from the target vehicle braking force (refer to step S340). In other words, the tar- 
get hydraulic braking force is equal to a sum of the braking force generated by the M/C pressure and a distributive brak- 
ing force. The distributive braking force is equal to a difference between the requested regenerative braking force and 

30 the producible regenerative braking force. Then, a target M/C pressure corresponding to the target hydraulic braking , 
force is obtained based on a map or a table or an equation stored in the memory (refer to step S350). The valve opening 
pressure of the M/C linear valve 353 and the hydraulic pump 354 are controlled in such a manner that the actual W/C 
pressure is equalized to the target W/C pressure (refer to step S360). The W/C pressure is equal to a sum of the M/C . 
: pressure and the valve opening pressure (i.e., W/C pressure = M/C pressure + valve opening pressure ). Thus, in the - 

35 control of the valve opening pressure of the W/C linear valve 353, the valve opening pressure is set to be equal tq a 
value obtained by subtracting the M/C pressure from the target W/C pressure. 

[0141] According to the sixth embodiment, when the hydraulic pump 354 is failed, the brake ECU 40 deactivates 
the M/C linear valve 353 and the stroke simulator valve 356. Namely, no electric power is supplied to the M/C linear 
valve 353 and the stroke simulator valve 356. The M/C linear valve 353 is kept opened, while the stroke simulator valve 

40 356 is closed. The W/C pressure is equalized to the M/C pressure. Thus, it is possible to apply the minimum braking 
force to the vehicle/Thereafter, when the brake pedal BP is released, the M/C pressure decreases and the W/C pres- 
sure decreases correspondingly. Furthermore, as the stroke simulator valve 356 is closed, the M/C 351 is isolated from 
the reservoir 355. It is possible to prevent the brake pedal BP from causing a useless stroke. In this respect, the con- 
ventional system shown in Fig. 24 always supplies the oil to the stroke simulator SSI. It is therefore necessary, in case 

45 of failure, to supply the oil to both of the W/C and the stroke simulator SSI. The relationship between the deceleration 
and the depression force as well as the relationship between the deceleration and the pedal stroke are differentiated 
from the normal ones. On the other hand, according to the sixth embodiment, the relationship between the deceleration 
and the pedal stroke remains unchanged. ...... t . 

[0142] However, if the hydraulic pump 354 and the W/C linear valve 353 are failed simultaneously, the W/C linear 

so valve 353 will not be switched from the activated condition to the deactivated condition. Even in such a case, the first 
check valve 352 is surely opened evert time the M/C pressure exceeds the W/C pressure in response to the depression 
of the brake pedal BP. Thus, the W/C pressure is equalized to the M/C pressure. The hydraulic braking device can apply 
the minimum braking force to the vehicle, thereby assuring the fail safe. In this condition, the W/C pressure does not 
reduce after the brake pedal BP is released. It is however not problem from the view point of the fail safe. In other words, 

55 according to the sixth embodiment, even wh n the hydraulic pump 354 is failed and the W/C linear valve 353 cannot be 
deactivated, the presence of the first check valve 352 assures the fail safe mechanism for applying the minimum braking 
force to the vehicle. 

[0143] The valve opening pressure control of the W/C linear valve 353 in the step S360 shown in Fig. 22 is per- 
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formed in the following manner. When the producible regenerative braking force is a maximum value, i.e., when the pro- 
ducible regenerative braking force is equal to the requested regenerative braking force, the brake ECU 40 equalizes the 
valve opening pressure to a minimum value (i.e., zero). In this case, the relationship between the pedal depression force 
and the W/C pressure is represented by the straight line L shown in Fig. 20. The straight line L represents the charac- 

5 teristics of the minimum braking force of the hydraulic braking device. The minimum braking force of hydraulic braking 
device is set to be not smaller than a minimum vehicle braking force required according to law regulations. When the 
producible regenerative braking force is a minimum value (i.e., zero), the brake ECU 40 sets the valve opening pressure 
so that the relationship between the pedal depression force and the W/C pressure is represented by the straight line H 
shown in Fig. 20. Namely, the braking force of the hydraulic braking device is equalized to the target vehicle braking 

, 0 force. Furthermore, when the producible regenerative braking force is an intermediate value between zero and the max- 
imum value, the brake ECU 40 sets the valve opening pressure so that the relationship between the pedal depression 
force and the W/C pressure exists somewhere in a region between the straight line L and the straight line H shown in 
Fig. 20. 

[0144] In the graph of Fig. 8, no generative braking force is available in the beginning of the depression of the brake 

is pedal BP (refer to phase l).Thus, all of the assigned braking force (= requested regenerative braking force) is produced 
by the hydraulic braking device. The valve opening pressure of the W/C linear valve 353 is controlled so as to obtain the 
target vehicle braking force which is a sum of the braking force generated by the M/C pressure (i.e., the minimum 
hydraulic braking force) and the assigned braking force. In this case, the W/C pressure agrees with the straight line H 
shown in Fig. 20. Thereafter, due to some amount of discharging, the battery 90 comes to a condition that the regener- 

20 ative braking force is producible. The producible regenerative braking force gradually increases (refer to phase II). The 
distributive braking force is obtained by subtracting the producible regenerative braking force from the assigned braking 
force. The valve opening pressure is controlled so as to correspond to the distributive braking force thus obtained. In 
this case, the W/C pressure varies in the range between the straight line H and the straight line L shown in Fig. 20. Fur- 
thermore, when the producible regenerative braking force is maximized (refer to phase III), all of the assigned braking 

25 force is supplied from the regenerative braking device. Accordingly, the valve opening pressure is controlled so as to be 
zero. In this case, the W/C pressure agrees with the M/C pressure. Namely, the W/C pressure is represented by the 
straight line L shown in Fig. 20. Thereafter, the producible regenerative braking force gradually decreases (refer to 
phase IV). The distributive braking force is obtained by subtracting the producible regenerative braking force from the 
assigned braking force. The valve opening pressure is controlled so as to correspond to the distributive braking force 

30 thus obtained. In this case, the W/C pressure varies in the range between the straight line H and the straight line L 
shown in Fig. 20. 

[0145] in the sixth embodiment, the first check valve 352 serves as check valve of the present invention. The,, 
hydraulic pump 354 serves as pump of the present invention. The W/C linear valve 353 serves as the control valve of 
the present invention. The depression force sensor 41 serves as input value detecting means of the present invention. 
35 The brake ECU 40 serves as target vehicle braking force output means, assigned braking force output means, and 
brake control means of the present invention. In the flowchart of Fig. 22, the step S31 0 represents the processing per- 
formed by the target vehicle braking force output means, the step S320 represents the processing of the assigned brak- 
ing force output means, and steps S340 to S360 represent the processing of the brake control means. 
[0146] As described above, the sixth embodiment has the following effects. 
40 ' ■ - ' •■ 

<3) The hydraulic braking device always operates to attain the target vehide braking force. Thus, it becomes possi- 
ble to realize the cooperative control without using a conventional cooperative control valve or. switching solenoid 
valves which selectively actuate or deactivate the hydraulic braking device. The hydraulic circuit arrangement can 
be simplified. Presence of the first check valve 352 ensures the fail safe mechanism. 
as Q> When the producible regenerative braking force is not smaller than the assigned braking force (i.e., requested 
regenerative braking force), all of the assigned braking force is supplied from the regenerative braking device. 
When the producible regenerative braking force is smaller than the assigned braking force, the hydraulic braking 
force is added as a supplement for filling a lack of braking force. In other words, the assigned braking force is sup- 
plied from the regenerative braking device as much as possible. This is effective to suppress the abrasion of the. 
50 brake pad or the brake shoe used in the hydraulic braking device. The regeneration efficiency can be increased. 

® The brake fluid supply section 360 can be simplified by using the hydraulic pump 354 and the W/C linear valve 
353. 

® The stroke simulator valve 356, generating a pedal stroke in response to a brake pedal input, improves the brake 
feeling. 

55 ® When the M/C pressure exceeds the W/C pressure in response to the depression of the brake pedal BP, the 
W/C pressure can immediately agree with the M/C pressure by the presence of the first check valve 352. Thus, 
adequate brake response can be realized. 
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[0147] Furthermore, the above-described sixth embodiment can be modified to employ the hydraulic circuit 
arrangement shown in Fig. 21. The hydraulic circuit arrangement shown in Fig. 21 differs from the hydraulic circuit 
arrangement shown in Fig. 16 in that the second oil passage 306b and the W/C linear valve 353 are omitted and, 
instead another oil passage 308 and the W/C linear valve 453 (normal close type) are provided. The oil passage 30B 
extends from the first check valve 352 to the reservoir 355. The W/C linear valve 453 is provided in the oil passage 308. 
In this case the brake control is performed in the same manner as in the above-described sixth embodiment The valve 
opening pressure control in the step S360 of Fig. 22 is performed in the following manner. When the producible regen- 
erative braking force is a maximum value, i.e., when the producible regenerative braking force is equal to the requested 
regenerative braking force, the valve opening pressure of the W/C linear valve 453 is equalized to zero so that the W/C 
pressure agrees with the M/C pressure. When the producible regenerative braking force is a minimum value (i.e., zero), 
the valve opening pressure of the W/C linear valve 453 is equalized to the maximum value so that the hydraulic braking 
pressure agrees with the target vehicle braking force. Furthermore, when the producible regenerative braking force is 
an intermediate value between zero and the maximum value, the valve opening pressure of the W/C linear valve 453 is 
set to be a value between the minimum value and the maximum value. Thus, it is possible to obtain substantially the 
75 same effects as those of the above-described sixth embodiment 

[0148] The present invention should not be restricted to the above-described fifth and sixth embodiments. There- 
fore, this invention may be embodied in several forms without departing from the technical scope thereof. 
[0149] For example, using the hydraulic circuit disclosed in the above-described fifth and sixth embodiment makes 
it possible to realize the so-called Variable jumping characteristics- as well as the so-called -buildup function" which are 
20 explained in the first and second embodiments. 

[0150] Namely, the hydraulic circuit of the fifth and sixth embodiments can flexibly change the valve opening pres- 
sure of the W/C linear valve. This bring the same effects as the change of the boost ratio. Thus, it is possible to increase 
the valve opening pressure of the W/C linear valve with increasing vehicle traveling speed. The value of Pjump 
increases when the vehicle traveling speed is large. Hence, it becomes possible to reduce a difference of the brake 
25 stopping distance between a high-speed traveling condition and a low-speed traveling condition. 

[0151] This invention may be embodied in several forms without departing from the spirit of essential characteristics 
'i thereof. The present embodiments as described are therefore intended to be only illustrative and not restrictive, since 
the scope of the invention is defined by the appended claims rather than by the description preceding them. All changes 
that fall within the metes and bounds of the claims, or equivalents of such metes and bounds, are therefore intended to 
30 be embraced by the claims. ■*—*•■ ■ 



50 



Claims 
1. 



A vehicle braking apparatus for applying a braking force to a vehicle by summing a braking force of a hydraulic brak- 
35 ing device (50, 51 ; 250) and a braking force of an auxiliary braking device (10. 20, 70, 80), 
characterized in that - • • '".;:* - 



said vehicle braking apparatus comprising: . - 

input value detecting means (41 ) for detecting a brake pedal input value; 

40 target vehicle braking force output means (40) for outputting a target vehicle braking force corresponding to 

said brake pedal input value detected by said input value detecting means;. ^ 
'- assigned braking force output means (40) for outputting an assigned braking force which is obtained by sub- 
tracting a minimum braking force of said hydraulic braking device corresponding to said brake pedal input value 
from said target vehicle braking force generated from said target vehicle braking force output means; and 

as braking control means (40) for obtaining a distributive braking force of said hydraulic braking device which is 

obtained by subtracting the braking force of said auxiliary. braking device from said assigned braking force gen- 
erated from said assigned braking force output means, and for controlling said hydraulic braking device based 
on a target hydraulic braking force which is a sum of said minimum braking force and said distributive braking 
force. ■ ' "v * 



The vehicle braking apparatus in accordance with claim 1 . wherein said braking control means (40) is for supplying 
all of said assigned braking force from said auxiliary braking device when the braking force of said auxiliary braking 
device is not smaller than said assigned braking force and for adding said hydraulic braking force as a supplement 
for filling a lack of braking force when the braking force of said auxiliary braking device is smaller than said assigned 
55 braking force. 

3. The vehicle braking apparatus in accordance with claim 1 or 2, wherein 
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said hydraulic braking device comprises a master cylinder (51) and a booster (50; 250) provided at the 
upstream side of said master cylinder and equipped with a boost ratio changing mechanism, 
and said braking control means adjusts a boost ratio of said booster (50; 250) when said braking control means 
(40) controls said hydraulic braking device. 

4. The vehicle braking apparatus in accordance with any one of claims 1 to 3, wherein 

said braking control means (40) changes the boost ratio by forcibly changing a pedal input of said booster (50; 
250) or by changing a pressure of operation fluid supplied to an operation chamber (66; 256a) of a power pis- 
ton of said booster (50; 250). 

5. The vehicle braking apparatus in accordance with any one of claims 1 to 4, wherein said auxiliary braking device is 
a regenerative braking device (10, 20, 70, 80). 

6 A vehicle braking method for applying a braking force to a vehicle by summing a braking force of a hydraulic braking 
device (50, 51 ; 250) and a braking force of an auxiliary braking device (1 0, 20, 70, 80), said vehicle braking method 
comprising the steps of: 

in attaining a target vehicle braking force corresponding to a brake pedal input value, 
: ■■■ obtaining an assigned braking force by subtracting a minimum braking force of said hydraulic braking device 
corresponding to said brake pedal input value from said target vehicle braking force (S20); 
obtaining a distributive braking force of said hydraulic braking device by subtracting the braking force of said 
auxiliary braking device from said assigned braking force (S40); and 

controlling said hydraulic braking device based on a target hydraulic braking force which is a sum of said mm- 
imum braking force and said distributive braking force (S40-S60). 

7. The vehicle braking method in accordance with claim 6, wherein 

• all of said assigned braking force is supplied from said auxiliary braking device (50, 51 ; 250) when the braking 
'"- force of said auxiliary braking device is not smaller than said assigned braking force and said hydraulic braking 

force is added as a supplement for filling a lack of braking force when the braking force of said auxiliary braking 

device is smaller than said assigned braking force. 

8. The vehicle braking method in accordance with claim 6 or 7, wherein 

said hydraulic braking device is controlled by adjusting a boost ratio of a booster (50; 250) provided at the 
r upstream side of a master cylinder (51). • 

9. The vehicle braking method in accordance with any one of claims 6 to 8, wherein said auxiliary braking device is a 
regenerative braking device (10, 20, 70, 80). . • . . ' ...... 

10. A vehicle braking apparatus for applying a braking force to a vehicle by summing a braking force of a hydraulic brak- 
ing device (50, 51 ; 250; 351 , 352, 360) and a braking force of an auxiliary braking device (10, 20, .70, 80), 
characterized in that v .... 

said vehicle braking apparatus comprising: 
' input value detecting means (41) for detecting a brake pedal input value; ■ . . 
target vehicle braking force output means (40) for outputting a target vehicle braking force corresponding to 
said brake pedal input value detected by said input value detecting means; 

assigned braking force output means (40) for outputting an assigned braking force which is obtained by sub- 
tracting a minimum braking force of said hydraulic braking device corresponding to said brake pedai input value 
from said target vehicle braking force generated from said target vehicle braking force output means; and 
auxiliary brake operability judging means (40) for judging whether or not said auxiliary brake device is opera- 
ble; and . . 
braking control means (40) for responding to judgement result of said auxiliary brake operability judging 

means, 

wherein when said auxiliary brake operability judging means judges that said auxiliary braking device is oper- 
able, said braking control means (40) is for obtaining a distributive braking force of said hydraulic braking 
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device which is obtained by subtracting the braking force of said auxiliary braking device from said assigned 
braking force generated from said assigned braking force output means, and for controlling said hydraulic brak- 
ing device based on a target hydraulic braking force which is a sum of said minimum braking force and said 
distributive braking force, 

and further when said auxiliary brake operability judging means judges that said auxiliary braking device is 
inoperable, said braking control means (40) is for controlling said hydraulic braking device based on a target 
hydraulic braking force which is equal to said target vehicle braking force. 

11. The vehicle braking apparatus in accordance with claim 10, wherein 

said hydraulic braking device comprises: 
a master cylinder (51 ); and 

a booster (50; 250) provided at the upstream side of said master cylinder and equipped with a boost ratio 
changing mechanism, 

and said braking control means (40) adjusts a boost ratio of said booster (50; 250) when said braking control 
means controls said hydraulic braking device. 

12. The vehicle braking apparatus in accordance with claim 1 0 or 1 1 , wherein 

said braking control means (40) changes the boost ratio by forcibly changing a pedal input of said booster (50; 
250) or by changing a pressure of operation fluid supplied to an operation chamber (66; 256a) of a power pis- 
ton of said booster (50; 250). 

13. The vehicle braking apparatus in accordance with claim 10, wherein said hydraulic braking device comprises: 

a check valve (352) provided in a first oil passage (306a) connecting a master cylinder (351) to a wheel cylinder 
for maintaining a wheel cylinder pressure at a level not lower than a master cylinder pressure; and 
brake fluid supply means (360) for supplying a pressure regulated brake fluid to said wheel cylinder, and 
said braking control means (40) is for adjusting a pressure level of said brake fluid supplied from said brake 
fluid supply means (360) to said wheel cylinder when said braking control means controls said hydraulic brak- 
ing device. - ' . : x ■. . . * 

14. The vehicle braking apparatus in accordance with claim 13, wherein 

said brake fluid supply means (360) comprises: 

a pump (354) for supplying a pressurized brake fluid to said wheel cylinder; and 

a control valve (353) provided in a second oil passage (306b) connecting said master cylinder to said wheel 
cylinder for maintaining said wheel cylinder pressure at a value larger than said master cylinder pressure by a 
valve opening pressure, said valve opening pressure being variable, and 

said braking control means (40) is for adjusting the valve opening pressure of said control valve (353) when 
said braking control means controls said hydraulic braking device. 

15. The vehicle braking apparatus in accordance with any one of claims 1 0 to 14, wherein said auxiliary braking device 
is a regenerative braking device (10, 20, 70, 80). 

16. A vehicle braking method for applying a braking force to a vehicle by summing a braking force of a hydraulic braking 
device (50, 51; 250; 351 , 352, 360) and a braking force of an auxiliary braking device (10, 20, 70, 80), said vehicle 
braking method comprising the steps of: 

in attaining a target vehicle braking force corresponding to a brake pedal input value, 
when said auxiliary braking device is operable (S1 20; S220), 

obtaining an assigned braking force by subtracting a minimum braking force of said hydraulic braking device 
corresponding to said brake pedal input value from said target vehicle braking force (S130; S230); 
obtaining a distributive braking force of said hydraulic braking device by subtracting the braking force of said 
auxiliary braking device from said assigned braking force (S1 50; S250); and 

controlling said hydraulic braking device based on a target hydraulic braking force which is a sum of said min- 
imum braking force and said distributive braking force (S150-S170; S250-S270), 
and further when said auxiliary braking device is inoperable (S120; S220), 
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controlling said hydraulic braking device based on a target hydraulic braking force which is equal to said target 
vehicle braking force (S155, S170; S255, S270). 

1 7. A vehicle braking method for applying a braking force to a vehicle by summing a braking force of a hydraulic braking 
' device (50, 51 ; 250; 351 , 352, 360) and a braking force of an auxiliary braking device (10, 20, 70, 80), said vehicle 

braking method comprising the steps of: 

in attaining a target vehicle braking force corresponding to a brake pedal input value, 
setting said target vehicle braking force forehand (S1 1 0; S210), 
then when said auxiliary braking device is operable (S120; S220), 

obtaining an assigned braking force by subtracting a minimum braking force of said hydraulic braking device 
corresponding to said brake pedal input value from said target vehicle braking force (S1 30; S230); 
obtaining a distributive braking force of said hydraulic braking device by subtracting the braking force of said 
auxiliary braking device from said assigned braking force (S150; S250); and 

controlling said hydraulic braking device based on a target hydraulic braking force which is a sum of said min- 
imum braking force and said distributive braking force (S150-S170; S250-S270), 
and further when auxiliary braking device is inoperable (S120; S220), 

controlling said hydraulic braking device based on a target hydraulic braking force which is equal to said target 
vehicle braking force (S155, S170; S255, S270). 

18. The vehicle braking method in accordance with claim 16 or 17, wherein said auxiliary braking device is a regener- 
ative braking device (10, 20, 70, 80). 

19. A vehicle braking apparatus comprising braking control means for performing a cooperative control for applying a 
braking force to a vehicle by summing a braking force of a hydraulic braking device (351 , 352, 360) and a braking 
force of an auxiliary braking device (10, 20, 70, 80), 

characterized in that 

said hydraulic braking device comprises: 

a check valve (352) provided in a first oil passage (306a) connecting a master cylinder (351 ) to a wheel cylinder 
— for maintaining a wheel cylinder pressure at a level not lower than a master cylinder pressure; and 
brake fluid supply means (360) for supplying a pressure regulated brake fluid to said wheel cylinder, and 
said braking control means (40) Is for adjusting a pressure level of said brake fluid supplied from said brake 
fluid supply means (360) to said wheel cylinder in accordance with the braking force of said auxiliary braking 
device. 



20. The vehicle braking apparatus in accordance with claim 1 9, wherein 

said brake fluid supply means comprises: 

a pump (354) for supplying a pressurized brake fluid to said wheel cylinder; and 

a control valve (353) provided in a second oil passage (306b) connecting said master cylinder (351) to said 
wheel cylinder for maintaining said wheel cylinder pressure at a value larger than said master cylinder pressure 
by a valve opening pressure, said valve opening pressure being variable, and 

said braking control means (40) is for adjusting the valve opening pressure of said control valve to adjust the 
pressure level of said brake fluid. 

21. The vehicle braking apparatus in accordance with claim 1 9 or 20, further comprising: 

input value detecting means (41 ) for detecting a brake pedal input value; 

target vehicle braking force output means (40) for outputting a target vehicle braking force corresponding to 
said brake pedal input value detected by said input value detecting means; and 

assigned braking force output means (40) for outputting an assigned braking force which is obtained by sub- 
tracting a minimum braking force of said hydraulic braking device corresponding to said brake pedal input value 
from said target vehicle braking force generated from said target vehicle braking force output means, 
wherein said braking control means (40) is for obtaining a distributive braking force of said hydraulic braking 
device which is obtained by subtracting the braking force of said auxiliary braking device from said assigned 
braking force generated from said assigned braking force output means, and for controlling said brake fluid 
supply means of said hydraulic braking device based on a target hydraulic braking force which is a sum of said 



29 



EP 1 081 005 A2 



10 



minimum braking force and said distributive braking force. 

22. The vehicle braking apparatus in accordance with claim 21 , wherein said braking control means (40) is for supply- 
ing all of said assigned braking force from said auxiliary braking device when the braking force of said auxiliary 
braking device is not smaller than said assigned braking force and for adding said hydraulic braking force as a sup- 
plement for filling a lack of braking force when the braking force of said auxiliary braking device is smaller than said 
assigned braking force. 

23. The vehicle braking apparatus in accordance with any one of claims 19 to 22, wherein 

said master cylinder (351) is connected to a stroke simulator (356) causing a pedal stroke according to said 
brake pedal input 

24. The vehicle braking apparatus in accordance with any one of claims 1 9 to 23, wherein said auxiliary braking device 
15 is a regenerative braking device (10, 20, 70, 80). 

25. A vehicle braking apparatus for applying a braking force to a vehicle by summing a braking force of a hydraulic brak- 
ing device (351 ) and a braking force of an auxiliary braking device (1 0, 20, 70, 80), 

characterized in that . ... 

said vehicle braking apparatus comprising: 

regulating means (352; 253) for maintaining a wheel cylinder pressure at a level not lower than a master cylin- 
der pressure, provided in an oil passage connecting a master cylinder (351 ) to a wheel cylinder; 
pressurizing means (354) for increasing said wheel cylinder pressure; and 
25 braking control means (40) for adjusting an increasing amount of said wheel cylinder pressure by said pressu- 

rizing means (354) in accordance with the braking force of said auxiliary braking device. 

* 26. The vehicle braking apparatus in accordance with claim 25, wherein said pressurizing means (354) increases said 
wheel cylinder pressure to attain a target vehicle braking force. 

30 v . v. 

27. The vehicle braking apparatus in accordance with claim 26, wherein said target vehicle braking force is dependent 
on a brake pedal input value, and said braking control means prevents said auxiliary braking device from supplying 
all of said target vehicle braking force when a sum of a hydraulic braking force generated by the master cylinder in 
response to a depression of a brake pedal and said braking force of said auxiliary braking device exceeds said tar- 
35 get vehicle braking force. : ' - 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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